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AN EXPERIMENTAL TEST OF THE CONTINUITY 
AND NON-CONTINUITY THEORIES OF 
DISCRIMINATION LEARNING 


BY KENNETH W. SPENCE 


State University of Iowa 


I. INTRODUCTION 


Beginning with the studies of Hamilton (3) and Yerkes (19), a 
number of investigations involving different types of situations and 
a variety of animal Ss have shown that the pre-solution period of 
learning is an organized, lawful, systematic process. ‘Thus, in a 
series of experiments with rats involving soluble and unsoluble dis- 
crimination problems, Krechevsky (6, 7) demonstrated that this 
period was marked by the occurrence of systematic response tenden- 
cies or, as he termed them, hypotheses. ‘These hypotheses, precisely 
defined by Krechevsky in statistical terms as responses which oc- 
curred within a block of trials with a frequency beyond the limits of 
chance expectancy; consisted in his experiments primarily of various 
types of spatial responses, e.g., left or right position habits, an 
alternating habit, etc. Employing the same statistical criterion, 
Spence found similar types of systematic response tendencies occur- 
ring among chimpanzees during the pre-solution period of multiple 
choice problems (17). 

Contrary to the beliefs of certain recent writers (5), then, there 
has been no disagreement concerning the behavioral facts. ‘The pre- 
solution behavior of animals in such experimental situations as the 
multiple choice and discrimination problems is not a random, chance 
affair in the sense of being undetermined or unlawful. Instead it is 
to be described as consisting of systematic reactions or ‘hypotheses,’ 
if one defines this latter term in the statistical manner described 
above. Agreement ceases, however, over attempts at further inter- 
pretation of the phenomena. 
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From a suggestion originally made by Lashley (10) has developed 
one theoretical interpretation of these phenomena which has come 
to be known as the non-continuity theory. Lashley’s suggestion was 
that the systematic response tendencies, such as response to position 
in the discrimination situation, represent attempted solutions of the 
problem on the part of the animal. Furthermore, Lashley intimated 
that during the part of the practice (learning) period in which these 
attempts at solution were being made no association would be 
formed with respect to the cue stimuli. Krechevsky subsequently 
formulated this interpretation in the following manner: 


“ce 


. . « Once an animal is immersed in a given problem-situation the animal selects out of 
the welter of possible stimuli certain sets of discriminanda to which he reacts. Each time (while 
‘paying attention to’ this particular set of discriminanda) he makes what proves to be a ‘correct’ 
response, he learns (wrongly perhaps) something about the significance of this particular stimulus; 
each time he makes a ‘wrong’ response, he learns something else, but he does not learn anything 
about the ‘correctness’ or ‘wrongness’ of the to-be-finally-learned set of discriminanda. Eventually 
he gives up responding to his first set of discriminanda and responds to another set, and another 
set, etc., until he begins to respond to the relevant set. From then on, and from then only, is he 
learning anything about the discrimination involved, or, from then on only are his ‘bonds’ being 
strengthened, etc.” (9, p. III). 


As an alternative to this interpretation, the writer has proposed a 
theory based on conditioning or association principles (15, 16), which 
Krechevsky (9) has included among the group which he has named 
the continuity theories in contrast to the non-continuity formulation. 
According to the writer’s version of this type of continuity theory, 
discrimination learning is conceived of as a cumulative process of 
building up the excitatory tendency or association between the 
positive stimulus cue and the response of approaching it, as compared 
with the excitatory tendency of the negative stimulus cue, which re- 
ceives only non-reinforcement, to evoke the response of approaching 
it. ¢Ihis process continues until the difference between the excitatory 
strengths of the two stimulus cues is sufficiently great to overshadow 
always any differences in excitatory strength that may exist between 
other aspects of the situation which happen on a particular trial to 
be allied in their response evoking action with one or the other of the 
cue stimuli. For example, the difference in the excitatory strengths 
of the cue stimuli to their responses must, for learning to be complete, 
become greater than the difference between the excitatory strengths 
of the position cues, e.g., the left and right alleys or food boxes. 

As a critical test of this continuity theory and an alternative in- 
sight theory ? which was elaborated on the basis of Lashley’s sugges- 
tion, the writer (15) proposed the following experiment. If, in a 
discrimination situation the significance of the stimulus cues is re- 


1 This insight hypothesis was essentially the same as that subsequently put forward by Kre- 
chevsky (8). Both merely are logical elaborations of Lashley’s original notion. 
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versed, i.e., the positive stimulus made negative and vice versa, before 
the animal begins to show any learning whatever, the subsequent 
learning of the reversed problem would not, according to the non- 
continuity theory, be slowed up. The implication of the writer’s 
continuity theory, on the other hand, was that the learning of the 
reversed group would be retarded when compared with a control 
group which did not have such initial reversed training. 

The results of an already existent experiment on weight discrimina- 
tion by McCulloch and Pratt (14) were then cited by the writer as 
supporting the continuity type of theory and as opposed to the non- 
continuity theory. These investigators found that the group in 
which the cues were reversed subsequently. required a longer time to 
learn than the control group. ‘This result seemed to represent a clear 
cut refutation of the non-continuity type of hypothesis. But then 
the supporters of this viewpoint came to its defense with a variety of 
devices including new experimental data and restatements of the is- 
sue which completely departed from the original one (2, 9). 

First, Krechevsky (8) called the McCulloch and Pratt data into 
question on the basis that their Ss might have been responding on the 
basis of two hypotheses, one of which was the weight cue. As 
McCulloch (12) was quick to point out, however, this was not possible 
for, with the exception of one case, their Ss did not respond more than 
50 percent of the time to the positive stimulus before reversal. Ob- 
viously, then, they could not have been responding systematically 
to either one of the weight stimuli in combination with any other cue. 

Next Krechevsky (9g) reported the results of a new experiment 
with visual discriminanda which were, in part, contrary to McCulloch 
and Pratt’s findings. In a situation in which the stimulus cues were 
cards containing horizontal and vertical rows of black squares on a 
white background, an experimental group, in which the cues were 
reversed for 20 trials, showed no difference in speed of subsequent 
learning from the control group. A second experimental group given 
40 trials before reversal, however, did show retardation in the subse- 
sequent learning of the reversal problem.? Accepting the results of 
the first experimental group as supporting the non-continuity theory, 
Krechevsky attempted to explain away the embarrassing results of 
the 40-trial group on the basis of the assumption that the pre-solution 
period occupied less than 40 trials. Just why this assumption was 
made is difficult to understand. The different implications of the 
two opposing theories were originally based on the assumption that 
the reversal occurs ‘‘before the animal begins to show any learning 
whatever...” (15, p. 444). All one had to do to verify the meeting 


? The differences were significant at the one or five percent levels of confidence in the case of 
the three error scores, but were not significant for the trial score. 
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of this condition was to ascertain whether the Ss had begun to respond 
more than chance to the positive stimulus. As both McCulloch (12) 
and Spence (18) have pointed out, however, Krechevsky presented 
no evidence that his Ss were doing so. Moreover, McCulloch showed 
that the control group gave no evidence of responding above chance 
(50 percent) to the positive stimulus during trials 21-40, let alone 
responding systematically to it. It should be clear that the theoret- 
ical issue cannot be settled by such evasions. ‘There is only one ex- 
perimentally testable definition or criterion of the concept ‘pre- 
solution period,’ namely the occurrence of the correct systematic 
response tendency. ‘The fact that the four-day group did not exhibit 
such a response tendency necessarily means that they were still in 
the pre-solution period. ‘The results of this part of the experiment 
are thus seen to favor the continuity theory. 

‘Turning now to the results of the 20-trial group, the writer has 
elsewhere (18) dealt at length with the fact that in visual situations 
involving form discrimination a new factor is introduced which is not 
present in the weight discrimination situation or in the case of bright- 
ness discrimination with the modern types of apparatus. Thus, 
when pulling in the differently weighted boxes, McCulloch and Pratt’s 
Ss inevitably received discriminably different weight stimulations. 
Likewise, in brightness discrimination it is practically impossible for 
the S to respond and not receive discriminably different retinal 
stimulations from the two stimulus sources (assuming, of course, we 
have differences which are supra-threshold). In such an experiment 
as Krechevsky’s, however, it is quite conceivable that his Ss did not 
receive discriminably different (proximal) visual stimulations from 
the two stimulus cards. Fixating the bottom portion of the stimulus 
cards, as the rat does at first in the Lashley jumping apparatus, the 
two stimulus patterns produced on its retina were very likely not dis- 
criminable. So long as the S continued this fixation, the retinal pat- 
terns of stimulation received from the two cards would not be 
distinguishable, and no differential learning with respect to the two 
cards would take place. In order for discrimination to develop in 
such a situation, it is necessary for the animal to learn first to make 
the appropriate receptor-orienting acts that will lead to the reception 
of the critical stimulus patterns or, to state it another way, that will 
lead to the reception of retinal stimulus patterns that are discriminable 
by the rat. Apparently in the Krechevsky experiment the Ss learned 
to make the appropriate receptor-orienting response sometime after 
the 20th trial and before the 4goth.® 


3 Two previous attempts have been made by the writer to clarify this problem of the reception 
of the relevant stimulus cue by the S (16, 18). However, it is apparent, from such recent com- 
ments on the issue as those of Leeper (10) that this has been unsuccessful. Possibly the fault 
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It is obvious from the above discussion that our inability to specify 
the proximal retinal stimulus pattern in the case of form discrimina- 
tion makes it impossible to employ this type of visual discrimination 
situation to settle the present theoretical issue. A more thorough 
analytical approach to the problem would have precluded its use in 
the first place. There is, nevertheless, a perfectly feasible way of 
testing the theoretical issue in a visual discrimination situation. It 
consists in the use of brightness cues rather than figure or pattern 
discrimination, for in the brightness problem there is no difficulty in 
arranging experimental conditions that will insure reception of the 
differential stimulus cues from the beginning of practice. Moreover, 
such an experiment provides a test of the theoretical issue in a learning 
situation in which the perceptual behavior is as simple as possible. 

An investigation using brightness discrimination was recently 
carried out by Bollinger (1) as a master’s thesis under the writer’s 
direction. ‘This experiment compared the learning of a white (+) 
versus black (—) discrimination problem by albino rats following two 
different pre-learning conditions. ‘The experimental group of Ss was 
trained during this period for 30 trials on the reverse problem (black 
positive), while the control group was run for 30 trials with 50 percent 
reinforcement on black and 50 percent reinforcement on white.‘ 
Only Ss that exhibited chance responses during this pre-learning 
period were run in the subsequent learning problem. ‘The results of 
this experiment were in complete agreement with those of McCulloch 
and Pratt. Both errors and trials were greater for the experimental 
group than the control group. The differences were significant be- 
yond the one percent level as shown by the values of the ¢ statistic. 

Bollinger also ran a second experiment in which the experimental 
group was given only 20 trials in the pre-reversal training. Again the 
results were contrary to the implication of the non-continuity theory, 
for the experimental group required a significantly greater number of 
trials and errors than its control group. The t statistic for errors was 
again significant at the one percent level while that for trials was sig- 
nificant at the five percent level. 


Il. STATEMENT OF THE PRESENT PROBLEM 


In the experiment of Bollinger it was found that not all Ss ex- 
hibited a definite systematic response tendency or hypothesis during 


has been the writer’s use of such expressions ds “not seeing the stimulus cue,” or “the animal 
P g 
learns ‘to look at’ one aspect of the situation.”’ If this surmise is correct, it is all the more sur- 
prising in view of the extent to which the non-continuity theorists favor such anthropormorphic 
descriptions. 
‘The purpose of the preliminary training with the control group will be discussed in the 
theoretical interpretation of the present experiment. 
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the 20 (30) trial pre-learning period. While no differences appeared 
in the subsequent learning of those Ss that did exhibit such hypotheses 
and those that did not, it was decided to conduct a further investiga- 
tion to ascertain whether, in a brightness discrimination situation, 
any association would be set up between the color cue and the rein- 
forced response to it during a period in which the S was exhibiting a 
definite hypothesis with respect to some other cue, e.g., a dominant 
reaction to position. In other words, if an S has a systematic position 
preference, does consistent differential training to the color cues (e.g., 
reinforcement on black, non-reinforcement on white) have any subse- 
quent effect so far as learning to respond to these cues is concerned? 
Examination of the formulation of Krechevsky quoted above will be 
seen (1) to emphasize the presence of such hypotheses and (2) the 
fact that the S does not, while so responding, learn “‘anything about 
the ‘correctness’ or ‘wrongness’ of the to-be-finally-learned set of 
discriminada”’ (g, p. III). 

The problem was investigated by first establishing a position habit 
in the Ss, dnd thég for a 20-trial period reinforcing one group of Ss 
(experimental) consistently on one of the color cues, while a second 
group (control) was not reinforced differentially, but only 50 percent 
of the time on each of the color ae The presence of a difference in 
the subsequent learning of the brightness discrimination by the ex- 
perimental and control groups would suggest that an association 
was developed between the response and the color cue during the 
dominance of reaction to the spatial position. Absence of such a 
difference would be an indication that a spatial ‘hypothesis’ prevents 
the association of the simultaneously acting color cues with the 
response. ‘The latter finding would lend support to the non-con- 
tinuity type of theory, the former result to the continuity theory, as 
the writer understands these theories. | 


II]. ExpERIMENTAL PROCEDURE 
A. Subjects 


In all, 44 albino rats, bred in the laboratory of the psychology department of the University 
of Iowa, were employed. The ages of the Ss at the beginning of the experiment ranged from 75 
togodays. Half of the Ss were males and half females. They were distributed equally between 
the experimental and control groups. Four Ss were discarded from the experiment because of 
brightness preferences as will be described later in the discussion of results. 


B. Apparatus 


The apparatus differed somewhat from previous types employed with white rats. It was 
designed (1) to eliminate the necessity of handling the rats except at the beginning of each day’s 
trials, (2) to insure the reception of the stimulus cues by the S, and (3) to give immediate reward 
or non-reinforcement upon response. 

The principal parts of the apparatus are shown in the ground plan of Fig. 1. A turntable 
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Fic. 1. Diagram of the apparatus. 


divided into two portions, 4; and 43, by means of partitions, stood four feet above the floor and 
moved on a pivot made by two iron pipes. The smaller pipe, which was fastened to the table, 
fitted inside a larger one, which was based on the floor. The fit of the pipes was sufficiently close 
so that there was practically no play in the table, and yet it could be easily rotated by means of a 
stock attached to one of its sides. A one-foot alley (B), two in. in width, connected the two 
open sides of the table. A vertically sliding door in the middle of this alley permitted the E to 
allow the S to pass from one side of the apparatus to the other. 

The second main part of the apparatus consisted of a stand which provided a one-way screen 
(C) behind which E was situated and which supported two elevated runways (D,, D2) 34% X 1oin. 
The latter were interchangeable; one was painted white and the other black. The food box 
(Fi, F2) consisted of a hole, 34 in. in diameter, drilled in a block of wood (2 K 34% &X 4) placed 
at the end of the elevated runway. Immediately behind this block a vertical piece of plywood 
(6” X 6’) was fastened. The runways were fitted into grooves which permitted them to be 
moved back a few inches and thus permit the rotation of the apparatus between trials. A distance 
of 10 in. separated the two runways. 

In addition to the white and black runways, two duplicate runways painted an intermediate 
grey were provided. These were used in the preliminary training and in certain other parts of 
the experiment as will be described in the next section. 


C. Procedure 


The experiment may be divided into five periods: (1) preliminary training, (2) position habit 
training, (3) pre-solution training, (4) position reversal training, and (5) the learning problem. 

Before the preliminary training was begun the subjects were placed on the turntable in 
groups of two to four in order to familiarize them with it. The preliminary training involved 
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two days. On day 1 with the grey runways in place each S was placed on the left (or right) 
runway and permitted to eat food. On day 2 the animal was placed on the side of the platform 
away from the food runways and trained to run through alley B to the food boxes upon the raising 
of the door. 

Fach S was next given three days of position habit training. Employing the grey runways, 
10 trials were given each day with food being available on only one side. Half of the Ss were 
trained to the left and half to the right position. 

The pre-solution training employed the white and black runways. It differed in procedure 
for the experimental and control group Ss. .The former were reinforced (i.e., received food) 
only when they chose the black pathway (half of the group were reinforced only on white). This 
meant that an S which persisted in its position habit was reinforced 50 percent of the time as the 
white and black runways were presented equally often on the left and right side.| Twenty trials 
in all (two days) were given during this period. The control-group Ss were not reinforced con- 
sistently on either the white or black pathways during this period, but instead were reinforced 
50 percent of the time on black and 50 percent on the white. As in the case of the experimental 
group, the white and black runways appeared equally often in each spatial position. A pre- 
arranged position of the white and black cues was followed in which each was reinforced equally 
often on each side in the 2otrials. In all periods of training no correction of an erroneous response 
was ever permitted. Instead the turntable was rotated and after the usual period of time be- 
tween trials (approximately 30 sec.) the next trial was given. 

Position reversal was carried out on the following day. With the grey runways present, food 
was placed on the side opposite to that on which the original position habit was established. 
Training was continued until the S chose the newly rewarded position for three successive trials, 
or for four out of five trials. 

In the learning period both groups of Ss learned to respond to one of the color cues, white or 
black. In the case of the control group half of the Ss were trained to white and half to black. 
In the case of the experimental group, those rewarded on the black runway during the pre-solution 
period were trained on the white path during the learning period, while those rewarded on the 
white during the pre-solution period were required subsequently to learn to go to the black. Ten 
trials were given daily and training was continued until the criterion of 90 percent correct in 20 
trials was attained. 


IV. REsuLTs 


The development of the position habit in both groups of Ss, experi- 
mental and control, during the initial three day period is shown by the 
datain Table I. It will be seen that the mean strength of the prefer- 


TABLE I 
SHOWING DEVELOPMENT OF PosITION RESPONSES 


Percent Responses to Preferred Side 


Experimental Control 
Day Group Group 
Ra .. 86.0 85 
2.. .. S85 90 
4. . ae 94-5 
a.. -. 78.0; “>. 82.0 
Soe .. 78.0 ) ' | 86.0 


ence was approximately the same for the two groups during the first 
three days. Days 4 and 5 in this table represent the position re- 
sponses of the pre-solution period. Although both groups of Ss con- 
tinued to respond to their preferred position during the 20 trials of 
this period, there was a noticeable decrease in the percentage of such 
responses, particularly in the case of the experimental group. The 
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relation of the maintenance of the position hypothesis during this 
period to the subsequent learning of the discrimination problem will 
be discussed later. ~ 

During the pre-solution period none of the Ss responded more than) 
65 percent of the trials to either the black or white stimulus. As was \ 
indicated in the description of the Ss, four animals were discarded ¢ 
from the experiment at this point because they exhibited a preference 
greater than this amount for either the black or white stimulus. ‘lwo 
of these were trained under the control condition in the pre-solution 
period and two under the experimental condition. 

The data on the learning of the discrimination problem in terms of 
errors and trials are presented in Table II. It will be observed in 


TABLE II 


N LEARNING O CRIMINATIOD )BLE} 
DaTa ON LEARNING OF DISCRIMINATION PROBLEM 























Errors Trials 
Group 
Mean oM Mean oM 
Experimental.......... 41.00 3.11 95.00 5.60 
a ais, ie waceckeanh 26.05 2.55 70.50 4.66 
IS tinh sins sean 14.95 24.50 
ica ens echackaseunakan 3-72 3-36 











the case of both measures that contrary to the non-continuity theory 
the experimental group was considerably retarded in its learning 
when compared with the control group. That the differences are 
statistically significant is shown by the t-values of 3.72 obtained for 
errors and 3.36 for trials. A ¢-value of approximately 3.5 is at the 
one tenth of one percent level of significance with this number of 
degrees of freedom. 

It should be noted that the f-test is in this case a conservative one. 
Because of the fact that simple random samples were not employed, 
but instead the two groups, experimental and control, were equalized 
in number for the sex and direction of training variables, there is no 
possibility of a systematic effect of these variables on the differences 
in the means of the experimental and control groups. However, the 
error estimate allows chance variations in these factors and hence is 
inflated. ‘To the extent, then, to which these two controlled variables 
of the present experiment are related to speed of discrimination 
learning, the difference obtained is even less likely to be due to chance 
factors than is indicated by the above t-analysis. 

A more appropriate statistical analysis of the results of the present 
experiment, which was of the factorial type, is provided by the method 
of analysis of variance. Such a statistical analysis provides a better 
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indication of the significance of the difference between the two 
groups because it permits the elimination of any sex and direction of 
training differences from the error variance. Analysis of variance 
also permits one to test for any interaction of the three variables. 

When all possible interactions were tested, none were found to be 
significant. This means that the differences between the experimental 
and control groups did not differ significantly for the two sexes or for 
the direction of training, i.e., the differences were essentially the same 
for both males and females, etc. Using the within groups variance 
as the error estimate, it was found that only one F-ratio, that for the 
principal experimental factor, the pre-solution methods (experimental 
versus control procedure) proved to be significant. In the case of 
errors, this F-ratio was 14.37, and for trials it was 12.28, which for 
the appropriate degrees of freedom is significant well beyond the one 
percent level of confidence (.0o1 = 7.50). It may be concluded from 
this that the differences between the mean number of errors and trials 
for the experimental and control groups cannot reasonably be at- 
tributed to chance fluctuations in sampling. 

Fig. 2 presents a further comparison of the learning of the experi- 
mental and control groups. This graph shows the percent of correct 
responses in the learning of the discrimination problem by the two 
sub-groups which had the white stimulus positive. One of the most 
interesting aspects of this graph is the effect of the elimination of the 
position habit on the experimental group. During the pre-learning 
period while these Ss were responding predominantly to a position 
cue (approximately 80 percent of trials) they chose the white stimulus 
51 and 56 percent in the successive 1o-trial blocks. They were, of 
course, reinforced during this period every time they responded to 
the black card. Following the elimination of the position preference, 
these same Ss responded correctly (i.e., to the white stimulus) 37, 46, 
46, and 42 percent of the time, on the first four successive 10-trial 
periods. (This result would suggest that during the pre-solution 
period there was some kind of learning or association formed with 
respect to the black stimulus, and then when the masking position 
preference was eliminated it was able to exhibit itself.2 } Comparison 
of the two curves of learning suggests, furthermore, that the experi- 
mental group takes longer because it starts from a lower value. From 
the 50 percent point on, the two curves pretty well parallel each other. 

One final point with respect to the experimental data. Examina- 
tion of the responses made during the pre-solution period with the 


§ If the hypothesis is made that the mean number of responses to the positive stimulus by the 
experimental group in the first 10 trials of the learning problem is 5.0 (or 50 percent correct), the 
obtained mean of 3.7 (om = .47) departs 1.3 responses and provides a #-value of 2.76. With a 
sample of this size (d.f. = 9) the chances would be less than 5 in 100 of getting a ¢ as large as 2.76 
by random fluctuations in sampling. 














THEORIES OF DISCRIMINATION LEARNING 263 





























100 1 
PRE- 
LEARNING 
SOLUTION 
PERIOD PERIOD 
90 F 
3 eof 
2 
hae 
“ 
a 
x 
= 170 F 
= 
8 
o” 
S 
4 
= 60 F / 
Fr / 
° A / 
a 
ms 
50 one 
\ 
. 
bs) 
40 F EXPERIMENTAL GROUP o————o 
CONTROL GROUP Oo-----o 
4 ‘ 
- :. 1 : mn 9 - pe ; ‘ ; re 
= % = “ og ° - S1- 61- 71- 81- - - 111 121- 
10 20 10 20 30 40 50 60 70 80 90 100 140 120 130 
TRIALS 


Fic. 2. Pre-learning and learning data for Ss trained to the white stimulus. 


brightness stimuli revealed the fact that not all Ss maintained the 
position habit throughout the 20 trials. The question immediately 
arises as to whether there is any difference in the learning of the sub- 
sequent discrimination problem between those Ss of the experimental 
group that did maintain their position hypothesis and those that did 
not. Analysis of the data revealed that 10 of the 20 Ss maintained a 
position preference, averaging (as a group) 92 percent of their re- 
sponses to the preferred side in their last five trials. ‘These 10 Ss 
averaged 41.4 errors and 98 trials, which values, it will be seen by com- 
parison with Table I, differ little from the means for all experimental 
Ss. Furthermore, it was found that seven Ss of this experimental 
group that did not maintain their position habit throughout the 20 
trials (in fact, they responded only 52 percent of the last five trials 
to the favored side) made about the same learning record in the sub- 
sequent discrimination problem. ‘These seven Ss had a mean of 43 
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errors and required an average of 100 trials to learn. It should be 
obvious from this that the presence or absence of a position habit 
during this period made no difference whatsoever in the learning of 
the subsequent discrimination problem. 


V. Discussion oF RESULTS 


The issue between the continuity and non-continuity theories, 
stated in the form of a question, is as follows. Does the animal before 
it learns a discrimination problem, i.e., before it responds systematic- 
ally to the positive stimulus cue and while it may be responding 
systematically to other stimulus cues, learn anything about (form 
any associations with) the positive stimulus cue? » The non-continuity 
theory, building on the suggestion of Lashley, answers the question 
in the negative. During this pre-solution period, it holds, the animal 
may be responding systematically to other cues, e.g., position, and 
thus learning about them, but it does not learn anything about the 
‘to-be-finally-learned set of discriminanda.’ Not until the S begins 
to respond to the relevant set of discriminanda, says Krechevsky, does 
it learn anything about the discrimination involved or “from then 
on only are his ‘bonds’ being strengthened, etc.” (9, p. 112). On the 
other hand, the continuity formulation, holding that the formation of 
associations is a continuous process, would insist that so long as the 
animal received discriminably different stimulation from the stimulus 
objects, differential associative tendencies would be developed with 
respect to them. 

Consider, now, the results of the present experiment. The ques- 
tion of whether any associations were formed between the positive 
stimulus of the pre-learning period in the case of the experimental 
group can be answered in two ways: first, by the occurrence of any 
tendency to prefer this stimulus following the removal of the masking 
position habit and, secondly, by the slower learning of the discrimina- 
tion problem on the part of the experimental group as compared with 
the control group. Both of these experimental implications were 
born out by the present data as Table I and Fig. 2 show. This 
evidence points to the interpretation that in the experimental group 
the consistent reinforcement of one of the stimulus cues had a definite 
effect. Contrary to the suggestion of Lashley, associations appar- 
ently were being formed with the relevant stimulus cue even though 
the Ss were responding on the basis of some other hypothesis. 

Attention must be called now to another unfortunate misunder- 
standing of this experimental issue that has characterized the writings 
of the proponents of the non-continuity theory (9,11). In comparing 
his two experimental groups with his control group, Krechevsky pre- 
sented his experimental data in two different ways. First, he com- 
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pared the learning of his experimental groups after reversal with the 
total learning record of the control group and, secondly, he compared 
the data of the experimental groups after reversal with the learning 
of the control group after 20 (or 40) trials. The present writer has 
attempted to point out the inappropriateness of the former compari- 
son (18, p. 279). If our interest is in ascertaining whether the learn- 
ing of the experimental group in the subsequent discrimination prob- 
lem is retarded because of the reversed conditions of reinforcement (with 
its consequent hypothetical formation of conflicting associations) during 
the pre-learning period, then it is not appropriate to compare the 
learning scores of this group with the total learning scores of the 
control (non-reversed) group. The comparison must be made with 
the control group scores after 20 (or 40) trials. ‘The reason for this 
should be obvious. 

In order to answer the question asked we must attempt to hold 
all variables constant but the single factor we are interested in. 
Including the data of the first 20 trials of the control group in the 
measures to be compared would fail to do this, for it would mean 
that we would be comparing the learning record of a group (experi- 
mental) after it had 20 (or 40) trials in a discrimination situation with 
a group (control) which did not start with this advantage. ‘This ad- 
vantage would tend to produce lower learning scores for the experi- 
mental group than for the control group and thus tend to cover up 
any retardation in the learning of the experimental group that might 
result from the development of conflicting associations. 

Thus, in the present experiment both groups of Ss had an equal 
amount of experience in the discrimination situation prior to the 
beginning of the learning problem. Any difference in the rate with 
which the discrimination was learned must, then, be ascribed to the 
effects of the different operations employed in the pre-solution train- 
ing. But according to the non-continuity theory the consistent re- 
inforcement of response to the negative stimulus during this period 
should have had no such retarding effect. The results of this experi- 
ment, like those of Bollinger, are thus seen to present a clear-cut refu- 
tation of the non-continuity theory. 


VI. SuMMARY 


Two groups of Ss, 20 in each group, learned a white-black dis- 
crimination problem. Prior to the learning, both groups of Ss were 
trained for 30 trials to their preferred side, the black and white cues 
being absent. The experimental group was then given 20 trials in 
which response to the negative stimulus of the learning situation was 
rewarded. ‘The control group, on the other hand, was reinforced 50 
percent of the time on both the white and black stimuli during this 
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20-trial pre-learning period. Following a further period of training 
in which the position preference was eliminated, the regular learning 
problem was presented. Contrary to the implications of the non- 
continuity interpretation of discrimination learning, comparison of 
the experimental and control groups revealed a significant difference 
in speed of learning ‘This difference was interpreted as refuting the 
assumption of this type of theory that the animal learns nothing with 
respect to the relevant stimulus cue before it begins to respond sys- 
tematically to it and while it is exhibiting some other ‘hypothesis.’ 
On the other hand, the results of the investigation are considered to 
be in agreement with the continuity type of theory, which postulates 
the learning to consist in the cumulative development of an associa- 
tion between the cue stimulus and the response, regardless of the 


presence of systematic response tendencies to other aspects of the 
stimulus situation. 


(Manuscript received January 2, 1945) 
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THE EFFECT OF ELECTROSHOCK CONVULSIONS ON 
THE MAZE HABIT IN THE WHITE RAT 


BY CARL P. DUNCAN * 


Brown University 


I. INTRODUCTION 


Since the introduction of convulsive therapy into psychiatry and 
its wide use in the treatment of psychogenic disorders, there have 
been several questions raised concerning the nature of the therapy 
and its subsequent effects. We have selected one of these questions 
for experimental study. ‘This is: what is the effect of electroshock 
treatment on memory functions? ‘This question might also be raised 
in connection with the other two major types of ‘shock’ treatment, 
the administration of metrazol and of insulin, but we shall restrict 
this study to the use of electricity. 

Cerebral electroshock as treatment for the psychogenic behavior 
disorders was first introduced by Cerletti and Bini in 1938 (g). It 
has enjoyed a tremendous popularity, but as yet there have been few 
well-controlled experiments to determine the nature of treatment or 
any deleterious effects. One of the disadvantages of the therapy is 
the frequent report of patients that they are experiencing memory 
difficulties. Wortis (16) says that memory difficulties may persist 
for many weeks if 10 or more treatments are given. Smith, Hughes, 
Hastings, and Alpers (14), in a discussion of complications in electro- 
shock treatment, report that almost all patients experience memory 
defect sometime during treatment and that the patients consider it 
an unpleasant symptom. ‘These authors find that in some patients 
it is prominent; in several it has persisted for several months. They 
report no patients in whom the memory loss is permanent, and indi- 
cate that the loss is usually a spotty defect, ordinarily for proper 
names, places, and dates. 

Few electrotherapists have experimented on their human patients 
for possible memory difficulties as a result of treatment. Levy, 
Serota, and Grinker (6) report a study on 21 of their own cases. 
Electroshock was used with 12 patients, while 11 received metrazol 
injections. ‘They found that impairment in intellectual functions 


* This paper is a portion of the author’s M. A. thesis, which is on file in the John Hay Library, 


Brown University. The author is deeply indebted to Dr. Harold Schlosberg for help with this 
research. 
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occurred much more frequently in the electrically treated cases (8 
out of 12). Impairment in electrically treated patients lasted from 
one to several weeks, and patients with more shocks showed greater 
defect. 

Zubin and Barrera (18) taught paired word associates to several 
patients under various conditions. Some learned before taking the 
electric treatment, some during the course of treatment, and others 
after a series of shocks. Recall, recognition, and relearning were 
tested under the same conditions and thus control groups were ob- 
tained. ‘They report that when no shock intervenes between learning 
and relearning, the number of trials saved was significant. However, 
when a shock is interpolated between learning and relearning, there is 
no saving, but rather a slight but nonsignificant loss. ‘They empha- 
size that learning ability is no poorer after shock than before shock. 
For the recall tests they found that recall after shock was significantly 
less than the recall after the control and nonshock periods. With 
regard to recognition, the patients were able to recognize correctly 
both paired associates nearly 94 percent of the time under control 
conditions. Under shock conditions this percentage dropped to 81.5. 
‘These writers conclude with a report on recent and remote learning. 
Since some of the patients were taught material some time before 
treatment, and others immediately before treatment, a measure of 
the effect of the shocks on recent and remote learning was obtained. 
In this connection the authors say, ‘“‘Apparently the shock affects the 
learning acquired immediately before shock more than the learning 
acquired less recently before shock”’ (18, p. 597). 

We have found only one other study on human Ss. Sherman, 
Mergener, and Levitin (12) first report that, with few exceptions, 
other investigators have found amnestic syndromes in their elec- 
trically treated patients with occasional severe loss. Sherman and 
her associates administered a series of six tests before, during, and 
after a course of electrotreatments in four patients. Their results 
showed that there was an increase in the average scores of the 
memory tests when the responses during the course of therapy were 
compared with those preceding the beginning of treatment. This 
increase, however, was insignificant except in one test—report of a 
paragraph heard—but the fact that there was a slight improvement 
in all tests suggests that the treatment had a favorable effect. They 
attribute the gain to an improvement in the previously impaired 
processes of attention and concentration. 

Several experiments have reported the effect of electrical or chem- 
ical shocks on habits in animals. Kessler and Gellhorn (4) condi- 
tioned 18 rats to jump a partition, using an electric grid as the un- 
conditioned stimulus. They then caused these responses to be ex- 
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tinguished, and when this was accomplished, some rats were sub- 
jected to electrical convulsions and others to metrazol shocks. ‘They 
-report that both electricity and the drug caused the conditioned re- 
sponses to reappear. From this they postulate that in clinical prac- 
tice shock may eliminate inhibitions. 

A short experiment is reported by Rosen and Gantt (11) on the 
effect of metrazol convulsions on conditioned reflexes in dogs. They 
conditioned two dogs to make a salivary response, and two others to 
make a motor response. The metrazol had a more pronounced dis- 
rupting effect on the motor CR. 

Page (8) reports several studies on electrically induced convulsions 
incats and rats. In one experiment he tried to condition the convul- 
sion itself by sounding a bell just before applying the electricity. No 
conditioning was obtained. In another experiment he studied the 
effects of convulsion on general behavior and weight loss in rats. ‘Ten 
animals were reared in one cage, and at the age of nine weeks five of 
them were given several shocks. ‘There were easily noticeable differ- 
ences in general activity; the normal rats were much more active. 
The shocked rats did not compete for food, and lost weight during 
the series of shocks. ‘Two months after the end of the experiment 
the shocked rats were still smaller than their fellows. Both of these 
results have been corroborated in the present experiment. 

After Siegel (13) had taught two groups of rats a modified form of 
the Graham-Gagné runway, one group was subjected to 1o electro- 
shock convulsions; the other group had the electrodes clamped to the 
ears once each day but received no shock over the same period. In 
the first retention trial both groups showed a slight loss of the habit 
but the loss was equal for both. In several subsequent relearning 
trials there was very little difference between the two groups. 

Bunch and Mueller (1) have indicated that rats subjected to a 
series of metrazol convulsions manifest no differences in the subse- 
quent learning of a 14-unit multiple-T maze. 

Using an automatic multiple-T maze, Heron and Carlson (3) found 
an insignificant difference in their convulsion (metrazol) group. 

Loken (7), however, has reported fairly large time and error 
increases in his animals’ relearning of a six unit maze. He also used 
metrazol. 

Finally, Stainbrook and Lowenbach (15) have observed no dis- 
turbance in the retention of a simple water maze habit in rats sub- 
jected to repeated electroshocks. 

Evidently the possibility of malfunctioning of the memory process, 
as a result of electricity through the head, is not to be ruled out, even 
though there is not unanimous agreement. We shall show in this 
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experiment results which lead us to believe that electroshock convul- 
sions produce at least one form of memory loss. 


II. ExpeERIMENTAL PROCEDURE 


The maze used was a reproduction of Lashley’s maze III described in his Brain mechanisms 
and intelligence (5). Many of the animal experiments which we have cited employed a relatively 
simple habit, as, for example, Siegel’s use of the Graham-Gagné runway. This may be the 
explanation of the negative results often obtained. We therefore decided to vary procedure by 
using a more difficult habit, and chose this particular maze because Lashley had found it difficult 
for his rats. ‘The maze is made up of four parallel alleys with the dead ends of each alley forming 
the culs, making 8 culs in all. The rat must completely reverse his direction as he goes from one 
alley to the next to avoid a cul. 

The animals were 28 male albino rats 170 to 180 days old at the beginning of the experiment. 

The rats were first trained to run an 8)4 foot alley runway, one trial per day for 15 days. 
They were fed wet Purina mash for 10 min. after the daily trial. This was the reward and daily 
ration for all animals. All animals were then started on the maze, running one trial a day with 
food as reward. As each rat learned the maze to a criterion of three errorless trials in succession 
he was started on the electroshock procedure. ‘Time, trial, and error scores were kept. 

The shock apparatus consisted of a voltage divider connected to the 110 volt A. C. lighting 
circuit. The divider was set at 85 volts, the 85 volt point being determined with a voltmeter 
and repeatedly checked over a period of days. Wires led from the divider to ‘alligator clamp’ 
electrodes which were wound with gauze. Before each rat was shocked the electrodes were 
thoroughly soaked in physiological salt solution. The time of application of the current was ap- 
proximately .22 sec. The duration was determined by the time it took the experimenter to flick 
a toggle switch on and off quite rapidly. After some practice there was little deviation in the 
time. Stopclock measurements showed it to vary between .20 and .25 sec. 

The animals were separated into three groups as they reached the criterion. The Experi- 
mental Shock Group, Group E, received one shock through the head each day for 30 days. 
In this group the electrodes were attached to the ears. It is these animals that we expect to ex- 
hibit memory loss for the habit. Group S was the Shock Control Group. These rats received 
the same voltage for the same period but the electrodes were attached to the back legs. If the 
electricity does not have a specific effect on nerve tissue, we would expect the same decrement to 
memory no matter where the electrodes were placed on the body. Further, the post-shock be- 
havior of rats shocked through the brain is much different from that of rats shocked through the 
legs, as we shall indicate later. We therefore introduced Group S to control some of these 
differences in post-shock behavior. Group R was the Retention Control Group. This last 
group received no shocks for the 30-day period. Food was always in the living cages of all 
animals during the electroshock period. 

Since we feared that shock through the brain might kill some of the animals, 12 rats were 
placed in Group E. Groups S and R each consisted of eight rats. The groups were equated as 
nearly as possible in terms of learning ability on the maze. 

At the completion of the 30-day period for each rat he was again started in the maze and kept 
running it until he had relearned it to the original criterion of three errorless trials. The same 
procedure was used in relearning as in learning. 


III. REsutts 


The results are presented in Tables I through VI and in Figs. 1 
and 2. In Table I the mean, the median, and the standard deviation 
for errors, trials, and time expressed in logarithms! are presented 
for the three groups of animals. Data are shown for both learning 
and relearning. 


1 The argument for converting certain skewed scores such as time into logarithms is presented 
in a paper by Graham and Gagné (2). 
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The mean scores of the three measures of learning (from Table I) 
were tested for significance of differences by employing Fisher’s test. 
These t-scores with their accompanying probability values (P) are 
given in Table II. 

TABLF I 


RATE OF LEARNING AND RELEARNING 
































































































































Learning 
Errors Trials Log Time 
Group 
Mdn. M. SDm Mdn. M. SDm Mdn. M SDm 
(E) Exp. Sh......| 23 32.4 18.4 11.5 12.6 6.7 2.53 2.58 2.42 
(S) Sk. Com....... 22 24.6 9.6 8 10 2 2.20 2.29 1.98 
(R) Ret. Con.....] 26 29 14.8 9 10.2 4.9 2.26 2.35 2.12 
Relearning 
Errors Trials Log Time 
Group 
Mdn. M. SDm Mdn. M. SDa Mdn. M. SDm 
(E) Exp. Sh......] 4 9.8 16.6 7 8.8 6.1 2.69 2.72 2.55 
(S) Sh. Con...... | 2 3.3 2.7 2 1.9 1.3 1.83 1.97 1.85 
(R) Ret. Con.....} 1.5 1.4 0.09 I 1.1 0.9 1.38 1.53 1.43 
TABLE II 
DIFFERENCES BETWEEN Groups FROM Data oF TaBLe I 
Learning 
Errors Trials Log Time 
Groups 
t P t P t r 
a” > Baer .96 below 50% 85 below 50°% 1.29 above 20°% 
o> eee 39 above 50% .79 below 50% 1.22 above 20% 
SandR....... 44 above 50% .08 above 50% .78 below 50°% 
Relearning 
Errors Trials Log Time 
Groups 
t P t a t P 
Fe" | ae 3.06 below 1% 3.36 below 1% 4.53 below .1°% 
a) eee 3.46 below 1% 3.27 below 1% 9.76 below .1° 
2] 3 Sereere 1.40 below 20% 1.10 above 20% 2.40 above 2°; 























The percentages of errors, trials, and time saved in relearning 
were computed for each rat, and the mean percentages saved are 
presented in Table III. ‘The t-test was also applied to the mean 
percentages of Table III, and the resulting data with the correspond- 
ing P scores are given in Table IV. 
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TABLE III 


SAVINGS OF RELEARNING OVER LEARNING ExprEssED IN MEAN PERCENT 











Group Errors Trials Log Time 
Ok SS ae ee 18.2% 22.8% — 11.1% 
(S) Sh. COM... eee e eee sceees 84.4% 80.5% 16.1% 
ge ee 94.1% 84.5% 36.5% 














Fig. 1 represents learning and relearning curves in terms of errors 
per trial for a typical rat from each of the three groups. Fig. 2 shows 
similar curves in terms of log time per trial. The rat chosen to repre- 
sent each group is that nearest the median for both learning and re- 
learning. ‘The graphs are presented solely to illustrate the course of 
learning and relearning; our conclusions will rest on the tabulated 
material. For such illustrative purposes we believe that the learning 
curves of actual animals are more satisfactory than are average curves. 














TABLE IV 
DIFFERENCES BETWEEN Groups FROM DaTA OF TABLE III 
Errors Trials Log Time 
Group 
t P t P t P 
ae | Reeeree 3-7 below 1% 3.2 below 1% 3-4 below 1% 
Se) rere 4.7 below .1% 3.5 below 1% 7.3 below .1% 
Sand R 1.5 below 20% 42 above 50% a8 below 5% 























We shall not analyze these data in detail. The results shown in 
Table II indicate that during original learning the groups were fairly 
well matched in performance. For errors the probability is about 
.50 that the groups are unequal. For trials the probability is about 
the same as for errors, approximately .50. For time the differences 
among the means of the groups are greater, but since the probability 
is still no greater than .20 we can safely assume that the groups did 
not differ markedly in original learning, before shocking. 

After the animals had been shocked, however, differences showed 
clearly in relearning scores. The Experimental Shock Group of rats, 
after cerebral electroshock, showed a very significant inferiority to 
both of the other groups. In terms of both errors and trials during 
relearning the differences are significant beyond the one percent 
level; in time they are beyond the o.1 percent level. On the other 
hand, the Shock Control Group, which had received the same charge 
through the legs, was only slightly inferior to the Retention Control 
Group that had received no shock. In terms of both errors and trials 
the differences between the two control groups are significant at only 
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the 20 percent level. The time difference is fairly significant, ap- 
proaching the two percent level. 

We can safely conclude that the shocks through the head con- 
siderably prolonged relearning, showing in terms of errors, trials, and 
time. Further, similar shocks through the legs may have had some 
detrimental effect on relearning, but the smallness and variability of 
the differences do not indicate this definitely. 

The percentage-saving data presented in Tables III and IV show 
these differences slightly better than do the raw score data. For 














LEARNING RELEARNING 
ar 
O——-O = EXPERIMENTAL SHOCK 
7+ O-———-0 = SHOCK CONTROL 
M—K = RETENTION CONTROL 
oe) 
> 
oT 
~ 
vw O 
re) ~) 
c 
oO 8 
i 
© 
ay 
- 
Oo 
+ 
C. 
= 
© 
= 
| i ie l i I I l j i l jl L } | —_— Sa l 
'2345 678 9 Wt 2 13 14 55 -agesevse#g+8vve: 





trials 


Fic. 1. Errors made on each trial by the median rat of each of the three groups during learning 
and relearning. 


errors, Group E has a mean savings of 18.2 percent as compared with 
the mean savings of Group S of 84.4 percent, and the savings of 
Group R of 94.1 percent. That these differences are very significant 
is indicated in Table IV. Between the mean savings of Groups E and 
S, the P value is below one percent, and between E and R it is below 
O.I percent. Between the control groups, S and R, the difference is 
not significant, being at the 20 percent level. 

In terms of trials the mean percentages saved are about the same 
as for errors, and the P of .o1 between Group E and the control groups 
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again indicates the great effect of shocks through the head on relearn- 
ing. ‘lhe control group difference is not significant. 

The percents saved for time are consistently smaller than those for 
trials and errors. Group E actually had a loss of — 11.1 percent, 
while Group S saved only 16.1 percent, and Group R saved 36.5 per- 
cent. As can be seen from Table IV, however, these differences are 
also clearly significant. Between E and S there is a P of .or and 
between FE. and R a P of 0.001. 

Thus, when the data are computed in percent saved, Group E was 
significantly worse for having been shocked through the head, and 
again there was a slight but inconsistent decrement in Group S be- 
cause of leg shock. The savings data are particularly important, 
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since they are independent of any possible mis-matching of original 
ability among the groups. 

Fig. 1, in which errors are plotted as a function of trials, shows 
that the median rats of Groups E and R required 15 trials to reach the 
criterion of three errorless trials, while the Group S rat required 11 
trials tolearn. The graph shows the great amount of overlap among 
the three groups during learning. When the scores of the same rats 
are plotted for relearning, however, both of the control rats were 
errorless on the second trial and both reached the criterion again on 
the fourth trial. The experimental rat was not errorless until the 
fifth trial and attained the criterion on the seventh trial. 

Fig. 2 plots log time against trials for the median rat for each 
group during learning and relearning. Here also there is overlap in 
the times of the three rats during learning, indicating that the groups 
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are comparable. In relearning, however, the Group E rat took 
several more trials to reach criterion and his time for each trial is 
long when compared with the control rats on the same trial. ‘The 
clear difference between the two control groups in time during re- 
learning, as suggested in Fig. 2, is, according to Table I], significant 
above the two percent level. This was the greatest difference found 
between Groups S and R. 

The results presented so far have all been in terms of relearning 
scores. ‘These data do not give us an unambiguous measure of reten- 
tion since the electroshock might affect only relearning ability. We 
have therefore presented in Table V the mean errors and mean log 
time for the groups on the first relearning trial, as a more direct meas- 
ure of retention. The differences between these means are shown in 














TABLE V 
DIFFERENCES BETWEEN Groups IN RETENTION AS MEASURED IN THE First RELEARNING TRIAL 
Mean Errors Mean Log Time 
EPS errs 2.12 
Ry sO viata detin ahd aban 1.71 1.44 
a, Soe 1.04 
TABLE VI 
SIGNIFICANCE OF DIFFERENCES BETWEEN Groups FROM DaTA ON TABLE V 
Errors Log Time 
t P t P 
E and S$ 4.41 below .1% 4.30 below .1°% 
EandR 5-99 below .1% 6.42 below .1°% 
as te Sees osha 1.43 below 20% 2.38 below 5% 

















Table VI. From Table VI we see that the differences between Group 
E and the controls are significant at the 0.1 percent level for both er- 
rorsandtime. ‘The retention differences between Groups S and R are 
not significant, below the 20 percent level, for errors, and only fairly 
significant, below the five percent level, for time. 


IV. Discussion 


These results indicate clearly that the passage of electricity 
through the head and brain had a markedly detrimental effect on a 
recently learned difficult habit. On the other hand, the same dosage 
of electricity through the hind legs had but little effect. ‘This is the 
opposite of what one would expect from the hypothesis that the 
therapeutic action of electroshock on mental patients is due to the 
‘psychic jolt’ and the fear of punishment. Our experimental rats 
that were shocked through the skull exhibited almost exactly the 
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same behavior shown by psychotics who receive electrotreatment. 
There was immediate immobility upon passage of the current (in 
human terms, ‘loss of consciousness’), followed, with a latency of a 
few seconds, by first a tonic and then a clonic convulsion of the whole 
body. ‘This muscular discharge was followed by a slow return to the 
normal state where external stimuli produced a response, a process re- 
quiring several minutes. ‘There was no fear reaction even after the 
animal had received most of its quota of 30 shocks. 

In the Shock Control animals, however, the response to the shock 
through the legs was quite violent. Squealing, defecation, and mictu- 
rition always accompanied the brief charge. After two or three 
shocks the rats showed fear when £’s gloved hand picked them up. 
This was not observed in the experimental rats. It would seem that 
animals getting shocked through the legs, showing fear, and retaining 
‘consciousness’ during passage of the current would, according to the 
‘psychic shock’ theory, lose recently established habit systems such 
asour maze. This did not occur to any great extent. The small loss 
shown by the Shock Control Group can probably be explained on the 
basis of the conditioned fear of FE, since these rats were the only ones 
that showed any dislike of being handled and then only after several 
electroshocks. But the unfrightened electroshock rats were the 
ones that showed the large deficit. 

There is still very little known about the underlying physiological 
processes that occur when an organism, and especially its brain, is 
subjected to electricity, insulin, or metrazol. Just as this experiment 
was completed, Riess and Berman (10) published a paper on the effect 
of insulin on habits. Some of their several experiments were quite 
similar to ours, except for their use of insulin. ‘They hypothesize 
that the known effect of insulin on the brain, cerebral anoxia, tends 
to break up recently formed habits more than older ones. Their 
several experiments led to the following conclusions: 1. Insulin has 
a greater disintegrative effect on the learning of a less well fixed habit 
than on a habit of greater fixation. 2. Insulin has a greater detri- 
mental effect on a longer and more difficult maze than on a shorter 
and easier maze. 3. Insulin has a disintegrating effect on the initial 
acquisition of a maze habit when compared to the acquisition of the 
same habit under normal conditions. 

Their conclusion that the drug has a greater detrimental effect on 
a more difficult habit might explain the differences between our results 
and those of Siegel (13), and of Stainbrook and Lowenbach (15). 
Siegel found no differences between members of an electroshock group 
and controls on the very simple Graham-Gagné runway. Stainbrook 
and Lowenbach found that electricity produced no differences in the 
subsequent relearning of a simple water maze. It will be remembered 
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that the Lashley III maze used in our experiment was considered a 
difficult instrument by Lashley (5). 

Riess’ and Berman’s theory that cerebral anoxia is effective in de- 
stroying more recent habits can also be applied to this experiment. 
Wortis, Shaskan, Impastato, and Almanski (17) found markedly im- 
paired respiration of brain tissue following single and repeated electric 
shocks in rats. Cerebral anoxia, then, might be the mechanism 
operating to destroy the maze habit in our experiment. 

The present experiment permits us to make no statement about 
the duration of the deficit following electroshock. Our rats started 
relearning the day after the last of the shocks. A parallel study by 
McGinnies and Schlosberg (to appear later), utilizing double alterna- 
tion lever pressing, suggested that rats recover from the effects of 
single electroshock after about five days. It will be remembered 
that some of the clinical studies suggest that the memory loss is 
transitory. Eventually we hope to run a group of rats who start re- 
learning a week after the last electroshock. But our present results 
show that there is a clear-cut deficit immediately after a series of 30 
electroshock convulsions. 


V. SUMMARY AND CONCLUSIONS 


1. Twenty-eight male white rats were trained on the Lashley III 
maze until they had reached a criterion of three errorless trials. 

2. Twelve of these animals, making up the Experimental Shock 
Group, then received one daily cerebral electroshock for thirty days. 
The shock consisted of 85 volts A. C., lasting .22 sec. Eight animals, 
the Shock Control Group, received a similar series of shocks through 
the back legs. The remaining eight rats, the Retention Control 
Group, were simply left in their cages during this period. 

3. Immediately after the end of the 30-day period all rats were re- 
trained on the maze until they had returned to the original criterion. 
Two of the Experimental Shock Group and one of the Shock Control 
Group died during the electroshock period, reducing the groups to 
ten and seven respectively. 

4. The Experimental Shock Group was significantly inferior to 
the other two groups; (a) in terms of trials, errors, and time during re- 
learning; (b) in terms of percentages saved in errors, trials, and time in 
relearning over learning; and (c) in terms of errors and time on the 
first retention trial. ‘The Shock Control Group was slightly, but not 
significantly, inferior to the Retention Control Group. ‘These results 
suggest that shocks through the head cause an impairment of the 
central nervous system that shows up as either a loss of retention or of 
relearning ability (or of both) for this difficult habit. Most of the 
loss seems to be in retention. 
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5. We believe that the loss of the habit and probably also the 
curing of mental patients are due, not to the punishment or fear of 
electroshock, but to a direct effect on cerebral tissue. A possible 
hypothesis as to the physiological action of electricity is presented. 


(Manuscript received December 8, 1944) 
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HEART RATE AND FREQUENCY OF BLINKING 
AS INDICES OF VISUAL EFFICIENCY! 


BY M. E. BITTERMAN 


Cornell University 


INTRODUCTION 


In a recent exchange of opinion, Luckiesh (16) and Tinker (38, 39) 
have argued the merits of heart rate, frequency of blinking, and speed 
of performance as indices of the ease of reading. ‘This discussion 
brings into focus the chief disagreements of leading investigators in 
the field of visual efficiency. 

Paterson and Tinker have emphasized the desirability of increas- 
ing the speed of reading and have adopted this criterion for the evalua- 
tion of typographical practices (28) and illumination requirements 
(35, 36). Their specific recommendations are based upon studies 
with a standardized modification of the Chapman-Cook Speed of 
Reading Test (7) which provides alternate forms of comparable 
difficulty and a simple cross-out technique for checking on comprehen- 
sion.?, Paterson and Tinker have, however, neglected the problem 
of minimizing discomfort and fatigue in reading, assuming that these 
factors do not vary independently of the performance index. ‘The 
following paragraph from How to make type readable indicates their 
position with respect to this problem: 


“‘Fortunately, speed factors can be introduced into printing without sacrificing ease and 
comfort. Readibility of print as influenced by size of type, style of type face, quality of printing 
surface and other factors will not only prevent or reduce fatigue and feelings of eye strain but 
may also facilitate the speed with which the printed material can be assimilated. Hence speed 


tests can generally be relied upon to check the efficiency of traditional typographical practices as 
well as innovations” (p. 2). 


On the basis of extensive research, Luckiesh and Moss (20, 21) 
have directly contradicted these conclusions. Despite the fact that 
Paterson and Tinker have reported significant variations in speed of 
reading consequent to fairly limited typographical changes, Luckiesh 


1 This paper is an adaptation of Part I of Studies in Visual Fatigue and Efficiency, a doctoral 
dissertation presented to the Graduate School of Cornell University. The writer is indebted 
to Professor T. A. Ryan under whose direction the work was performed. Thanks are due the 
Carrier Corporation of Syracuse, N. Y., for its generous gift of the air-conditioning apparatus 
required for the experiments, and the Psychological Corporation of New York City for permitting 
the reproduction of the Minnesota Vocational Test for Clerical Workers. 

2 Many of the speed studies were supplemented with photographic analysis of eye-move- 
ments (27, 29, 40). 
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and Moss have taken the position that the performance index is in- 
sufficiently sensitive. ‘They believe that habits of reading and central 
mechanisms of compensation operate to maintain relatively constant 
output except under the least adequate conditions of work or at the 
extremes of fatigue. When level of performance is maintained in 
spite of unfavorable conditions, however, the ‘cost’ of the work to 
the organism is increased, and it is this expenditure of ‘resources’ 
which Luckiesh and Moss have attempted to measure. ‘Their search 
for suitable indices revealed a number of involuntary, ‘ psychophysio- 
logical’ processes—heart rate, frequency of blinking, and peripheral 
muscular tension—which vary continuously with the duration of 
reading. Assuming that fatigue increases with working time, and 
that the expenditure of effort required to maintain adequate per- 
formance increases with fatigue, Luckiesh and Moss concluded that 
these indices would serve as measures of readability. Additional 
evidence is provided by the observation that the same functions are 
affected by the adequacy of conditions of work as estimated from 
independent criteria. Glare, for example, which is known to be a 
deleterious factor in seeing, augments rate of blinking.’ 

Speed of reading.—The difficulties of performance indices are well 
known (33). McNally (24) has recently reviewed the literature and 
reported that “‘in general, investigators seem to agree that work out- 
put as a criterion of readibility is not so sensitive as could be desired”’ 
(p. 14). The significant findings of Paterson and Tinker (28) cannot, 
however, be ignored, and it is likely, as Tinker has pointed out (38), 
that the failure of Luckiesh and Moss to obtain similar results may be 
traced to the use of unstandardized material, failure to check on com- 
prehension, and instruction of subjects to read at ‘natural rate.’ 4 
On the other hand, studies of efficiency must, by definition, take ac- 
count of the cost of work, and for this reason the promising findings of 
Luckiesh and Moss should be given careful consideration. 

Indices of cost-—Of the three major indices of cost proposed by 
Luckiesh and Moss, peripheral muscular tension is most readily ac- 
ceptable (17, 18). A number of other investigators (8,9, 11, 12) have 
reported that tension increases with the duration of mental work and 


3 In one experiment (21) the production of artificial refractive errors by the use of lenses in- 
creased blink rate in 28 of 30 Ss. When one of the exceptional cases was examined by a refrac- 
tionist it was found that an additional correction of the kind used in the experiment was required 
by the S. 

* Actually Luckiesh and Moss have on occasion studied maximum rate (21). At first thought 
it may appear that the study of reading at the ‘natural rate’ provides a more realistic investiga- 
tion. Pyke (32) considered the problem in his pioneer investigation and decided that it was 
necessary to sacrifice some degree of realism for the purpose of more adequate experimental 
control. There is, however, no single natural rate. Reading behavior varies widely, both quali- 
tatively and quantitatively, with the material at hand and with the purpose of the reader (Vernon, 
41). 
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that the level of tension is a function of the severity of the task.°® 
Freeman (10) has proposed the following explanation of related 
findings: 

“Under such categories as distraction, fatigue and effort are usually grouped the conditions 
which disturb the precision of behavior and the means by which the organism meets these difficul- 
ties. The tendency to compensate for or overcome resistances blocking specifically integrated 
acts has been noted by many authors. It is as if the organism has standards which it strives to 
maintain. Such maintenance requires greater or less energy expenditure dependent upon cir- 


cumstance. Increases in muscular tension apparently act to reinforce reaction systems already 
in progress in their competition with incompatible tendencies” (pp. 443-444). 


With respect to the other indices—heart rate and frequency of blink- 
ing—there have, however, been a number of contradictory findings. 
It is with the validity of these functions that the present investigation 
is primarily concerned. 

According to Litinski (15), pioneer work with the blinking index 
was done by Fick and later by Katz toward the end of the 19th cen- 
tury.® Fick reported that the frequency of blinking varies inversely 
with type size and is augmented by glare. Katz found that rate of 
blinking was increased in two Ss when artificial refractive errors were 
induced through the use of prisms. Self-observation led him to con- 
clude that blink rate is a function of the difficulty of the conditions of 
visual work. Litinski himself studied the relation of blinking to 
‘density’ of type’ but did not get consistent results. He concluded, 
however, that the index is adequate as a measure of ‘general’ fatigue 
(irrespective of the ocular burden), and he suggested its use in studies 
of the length of the working day. 

On the basis of the conclusion of Ponder and Kennedy (31) that 
blinking may be related to ‘mental tension’ in that it may provide an 
outlet for ‘nervous energy,’ and on the basis of Litinski’s work, 
Luckiesh and Moss (20, 21) began an extensive series of investigations 
of the frequency of blinking during reading. Their procedure— 
counting the lid movements as the S worked—was simple, and their 
results, to judge from their reports, were quite reliable. Blink rate 
was found to increase in the course of reading, the increments being 
inversely proportional to the level of illumination. A large number of 
other factors were similarly found to influence the response—type 


5 Recently Jacobson and Kraft (13) failed to obtain consistent results in the measurement 
of potentials from the quadriceps femoris during reading. The technique, which involved the 
direct insertion of needle-electrodes into the muscle, may have disturbed the inexperienced sub- 
jects and obscured the effects of work. That no instructions concerning the expected level of 
performance (speed) were given may be a crucial factor. The findings reported below indicate, 
for example, that cardiac activity during reading varies with the nature of the instructions to 
the subject. 

6 Litinski does not make specific reference to the sources of this information. 

7 Density was measured by number of letters per unit area of the page. The nature of the 
reading material was not held constant. 
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face, size, and boldness; glare; contrast; brightness-ratio (brightness 
of the reading material in relation to that of the surroundings); color 
of paper; leading; line-length; and refractive errors of the eye. 

A number of recent investigations have, however, cast some doubt 
on the validity of these findings. McNally (24) compared six varia- 
tions of type size and form and could find no differences in readability 
on the basis either of blink rate or speed of reading. McFarland, 
Holway and Hurvich (22) reported that rate of blinking does not uni- 
formly increase during reading, nor is it consistently related to level 
of illumination. They found a greater blink rate during the reading 
of a book than during the reading of microfilm even though the Ss 
preferred the former task.* ‘These writers report a personal communi- 
cation from R. L. Thorndike who measured blinking during five-min. 
periods before and after a day of close work in a printing establish- 
ment. ‘Thorndike found that individual differences were marked and 
consistent, but that a decrease in frequency was as likely as an in- 
crease after the day’s work. McFarland and his co-workers con- 
cluded that, since some Ss show decreases in rate during visual work 
and others show no change at all, blinking does not provide an ade- 
quate index of visual fatigue. MacPherson (25) recently has 
reached similar conclusions. 

Luckiesh and Moss (19, 20, 21) have also emphasized the value of 
heart rate as a criterion of readability. They found that heart rate 
decreases in the course of reading, the degree of change being in- 
versely proportional to the intensity of illumination. Many of the 
early workers (2) reported increases in pulse rate at the beginning of 
mental work and a decline in rate with continued activity, but, since 
Luckiesh and Moss did not present data on pre-work levels, it is im- 
possible to say whether their findings represent a falling-off following 
an initial increment. Ina review of the literature, Bills (4) has con- 
cluded that heart rate increases slightly during mental work when a 
resting level is achieved before the work is begun. It is conceivable, 
however, that the adjustment for near vision involved in reading in- 
vokes the oculo-cardiac reflex mechanism as a result of the increase 
in intra-ocular pressure which may stem from this adjustment (34). 


® They did find, however, that voluntary ‘relaxed’ blinking during visual work forstalled 
certain changes which were considered valid indices of fatigue—dilation of the pupil and recession 
of the near-point. Bates (3) and Peppard (30), as well as Luckiesh and Moss (20, 21), have also 
considered the possible prophylactic function of blinking. Ponder and Kennedy (31) suggested 
that blinking may allow alternation in the tension of the ocular muscles to occur and thus eliminate 
early fatigue. Whether there is necessarily any contradiction involved in regarding blinking 
both as an index of fatigue and a preventative of fatigue is not immediately apparent. Certainly 
peripheral muscular tension provides an analogous case as the passage from Freeman quoted 
above indicates. ‘Tension is regarded as an index of increased difficulty of work consequent to 
the development of fatigue and, at the same time, as a facilitative factor in performance. 
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Two studies of heart rate during visual work have failed to confirm 
the findings of Luckiesh and Moss. Atkins (1) found increments in 
pulse rate after one hour of work at various visual tasks. McFarland, 
Kner, and Berens (23) did report a general tendency for heart rate to 
decrease slightly during two-hour reading periods, but the decre- 
ment did not change with level of illumination (1 vs. 50 foot-candles). 
They point out that their experimental conditions provided for con- 
trol of environmental temperature and suggest that this difference 
may account for the discrepancy between their results and those of 
Luckiesh and Moss. Luckiesh (16), on the other hand, has empha- 
sized McFarland’s use of subjects in the basal state, suggesting that 
basal heart rate may be less sensitive to conditions tending to produce 
decrement. A difference between the two experiments which neither 
set of investigators has mentioned lies in the fact that McFarland 
and co-workers used the manual method of pulse rate determination, 
while Luckiesh and Moss employed a cardiotachometer. Palpation 


_may tend to increase the heart rate, at least momentarily, and thus 


obscure differential response to illumination. 

Because of these contradictory findings and the importance of 
deriving valid criteria of the cost of visual work, it was considered 
worthwhile to conduct further studies of heart rate and frequency of 
blinking. 


EXPERIMENT I: Errect or Tyre SIzeE 


‘The first experiment was designed to provide data on the variation 
in heart rate, frequency of blinking, and level of performance with 


TABLE | 
PLAN oF EXPERIMENT | 
Day * 
\ B | B S B 
I------- ey Me ee ee = _ 
\ B S B | B 
2-------/-----/ --------- - 
Time (min.) 10-15 5 15 10 1s s 


Key: A, adaptation period, occupied principally with attachment of electrodes and instruc- 
tion of subiect. Recording was begun directly following this period. 
B, rest interval. 
LL, work on large type. 
S, work on small type. 


* For half of the Ss the daily order of procedure was reversed. 
size of type. Short periods of work were employed since the concern 
was with level of difhfculty rather than fatigue.® 


* An index of effort may be employed to measure the latter aspect on the assumption that 
fatigue implies increased cost of work (5). 
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Procedure.—The Minnesota Vocational Test for Clerical Workers © was photographically; 
reproduced in two sizes. [ach edition was printed on non-glossy white paper of good quality 
and contained two complete test forms. ‘The larger type () was approximately 10 points in 
size, while the smaller (S) was about 6 points. The S’s task was to check the paired names and 
number-groups for identity and non-identity and to indicate these judgments by marking a ‘plus’ 
or ‘minus’ with a pencil in the blanks provided. Responses were scored right-minus-wrong. 

Ikach S served for 50 min. on each of two successive days. The order of work is given in 
Table I. After attachment of electrodes and instruction of the S, the recording equipment (see 
below) was switched on. ‘The S rested for five min. and then worked for 15 min. on the tests in 
large type (L). Following this work there was a 10-min. rest period after which the S worked on 
small type (S) for 15 min. ‘The session was concluded with a final rest period of five min. in 





lic. 1. Placement of electrodes for electromyographic recording of eyelid movements. 


length. On the next day the procedure was repeated with the order of work reversed, i.e., the 
S worked first on (S). The alternation order controlled cumulative practice effects. By com- 
bining the results for the two days, level of performance on (L) could be compared with per- 
formance on (S). As a further control, the daily order of procedure was reversed for half of the 
Ss, i.e., half of the Ss began with (L) on the first day while the others began with (S). 

The Ss were specifically instructed to avoid being influenced by the obvious difference in 
type size. ‘They were told that, since time limits for the two forms would differ and since a 
variety of factors would affect their performance, they had no basis for predicting the relative 
amounts of work which could be accomplished. They were asked to disregard all such considera- 
tions and to work as rapidly and as accurately as possible at all times. 

Heart rate and frequency of blinking were measured continuously during the experimental 
sessions. Eyelid movements were recorded graphically by an improved technique (6, 14). 
\ction-potentials from the superior orbicular muscle of the non-dominant eye were led throug! 
push-pull resistance-capacity coupled amplifiers to a Grass ink-writer. The active electrode wa 


0 Developed by Andrew and Paterson and published by the Psychological Corporation. 
New York City. 
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taped just below the brow in a manner which neither interfered with vision nor produced discom- 
fort. A reference electrode was clipped to the lobe of one ear. The electrode placement may be 
seen in Fig. 1. Potentials arising from the heart (lead III) were amplified and recorded in a 
similar manner. The S sat in a comfortable chair which was provided with an adjustable writing 
board. Figure 2 illustrates the type of graphic record which resulted. 

The level of illumination was three foot-candles at the writing-boards and remained constant 
throughout the experiment. At least 15 min. were allowed for adaptation to the illumination, 
the necessity for this procedure having been demonstrated by Tinker (37). The Ss were specifi- 
cally instructed not to close their eyes during the ‘rest’ periods. In order to approximate the 
conditions of Luckiesh and Moss, the Ss were not in the basal state. They were, however, in- 
structed to come to the laboratory at least two hours after a light meal. 

A Carrier C-B Weathermaker afforded reliable control of temperature and humidity, factors 
which may affect frequency of blinking (26) as well as heart rate. Periodic checks during the 
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Fic. 2. Four records of blinking and heart rate during reading under low illumination in experi- 
ment II. 


course of the experiments showed only minor fluctuations from the desired 67° Effective Tempera- 
ture and 50 percent relative humidity. Dry-bulb readings ranged from 70° to 72° F. and wet- 
bulb readings from 59° to 61° F. 


Fourteen undergraduate students in psychology served as Ss. Eight were Naval trainees 
who satisfied the opthalmological standards set for officer-candidates. The others were women 
whose vision was either normal or corrected to normal, according to their own reports. They 
were informed only that various physiological processes would be measured while they worked. 


Results —For the 14 Ss there was a significant relation between 
output and sizeoftype. ‘The mean score on (L) (representing 30 min. 
of work) was 523.6, while the corresponding mean for (S) was 487.4. 
The critical ratio of the difference was 5.1. There was, however, no 
reliable difference in accuracy of performance on the two forms. ‘The 
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percentage of accuracy for (L) was 96.6 and for (S), 96.0. The critical 
ratio of this difference was only .8. 

‘The heart rates recorded in this experiment support the conclusion 
of Bills (4). Table II shows that heart rate during the rest periods 
was significantly lower than during work on either form of the test. 
‘The mean for small type was higher than that for large type, although 
not significantly so (C.R. = 1.1). 

Frequency of blinking ™ was not affected by size of type. The 
means for successive five-min. periods and for the total time of work 
are presented in Table III. ‘These values are uniformly higher for 


TABLF II 


Mean Heart Rates purInGc Rest AND WorK 


Condition Mean Heart Rate Critical Ratios 
eer TTT! Rest vs. large type..... 6.7 * 
Large type............ 79.3 Rest vs. small type.... 9.6 * 
Small type............ 80.0 Large type vs. small type 1.1 


* Significant at the one percent level. 


TABLE III 


MEAN FREQUENCY OF BLINKING IN RELATION TO SIZE OF TYPE 














Successive 5-Min. Periods 
Type Total for 15 Min. 
I - 3 
Rs io nd hekewesaan 26.8 32.5 28.6 87.9 
REY ic tink settee a 26.2 30.4 27.8 84.4 
DUCTORCE. .. .. sn nceces 6 2.1 8 3.5 
Corenees PRMTNO. ..... 2005. 5 1.3 4 1.0 

















work with small type, although not significantly so. Variation in 
rate with working time may be seen more clearly from Fig. 3. It will 
be noted that the trends for the two conditions of work are quite 
similar. In each case a maximum occurs in the middle period. The 
values for this period are significantly higher than those for the first 
period but not significantly higher than the corresponding values for 
the third. In neither case is the frequency of blinking during the 
third period significantly greater than during the first. 

Questioned at the conclusion of the experiments, all but one of 
the Ss expressed a preference for the larger type. The exceptional S 
preferred small type on the basis of its greater ‘compactness’ but 
actually achieved a higher level of performance on (ZL). 


EXPERIMENT I]: LEVEL oF ILLUMINATION 


The negative findings with respect to frequency of blinking ob- 
tained in the first experiment may be a function of the short periods 


4 Magnitude of blinking was ignored in the computations since there was very little intra- 
individual variation. 
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of work required or the set for speed given the Ss. The latter condi- 
tion might also have been responsible for the increase in the heart rate 
during work. Ina second study growing out of these considerations, 
the Ss read for longer periods under instructions which more closely 
resembled those in the experiments of Luckiesh and Moss. Level of 
illumination rather than type size was selected as a variable. 
Procedure.—The Ss sat in a comfortable chair provided with a reading-board and read The 
battle is the payoff * for 40-min. periods on each of two successive days. The book was interesting 


but not exciting ¥ and instructions were given to ‘settle down and enjoy it.’ Before and after 
the reading periods the Ss rested with eyes open for intervals of five min. 
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SUCCESSIVE 5S MINUTE INTERVALS 


Fic. 3. Mean frequency of blinking during successive five-min. periods of work on each torm 
in experiment I. 


The book was printed in 10-point type on non-glossy paper. Half of the Ss read under il- 
lumination of three foot-candles on the first day and g1 foot-candles on the second. The others 
read first under the higher level. The illumination was diffuse and produced no appreciable 
glare. At least 15 min. were allowed for adaptation on each day (37). Temperature and 
humidity were maintained at the same levels as in the previous experiment. Continuous records 
of heart rate and frequency of blinking were made in the manner already described. Ten under- 
graduate students in psychology served as Ss. They were not in the basal state. 


Results ——The reading periods were divided into eight five-min. 
intervals. ‘The frequency of blinking during each interval and the 
12 By Ralph Ingersoll, Harcourt, Brace and Co., 1943. 


3 According to the judgment of the writer and the reports of the Ss. In no case was much 
more than one half of the book completed in the allotted time. 
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heart rate during the mid-minute of each interval were computed. 
Heart rate also was counted during the rest periods. 

Exactly five of the 10 Ss preferred the low level of illumination; the 
remainder considered the higher level more comfortable.“ For this 
reason two sets of comparisons were made—high versus low illumina- 
tion and preferred versus non-preferred or ‘alternate’ illumination. 

Mean frequencies of blinking during successive five-min. periods 
under various conditions are plotted in Fig. 4. None of the upward 
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Fic. 4. Mean frequency of blinking during successive five-min. periods of reading under various 
conditions of illumination. 


trends which the curves seem to show proved to be significant as a 
result of an analysis of variance. The F-values ranged from .63 to 
1.92; P > .05. Individual curves presented in Fig. 5 show a great 
variety of trends. The total frequency of blinking under higher illu- 
mination actually was greater (C.R. = 2.7, P < .05) than under low 
illumination. Frequency of blinking under the preferred condition 
tended to be higher than under the alternate condition, although this 
difference was not significant (C.R. = 1.2). 

Fig. 6 shows the changes in heart rate which occurred during 


“ The Ss were questioned at the conclusion of the final session. Preferences were not related 
to the level of illumination to which the Ss were adapted at the time. 
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reading under the different conditions. All of the curves show down- 
ward trends, but analysis of variance indicates that the trends for 
high illumination and non-preferred illumination are not significant 
(F = 1.88, 1.41; P > .05). Variance due to time of reading was, 
however, reliably greater than chance in the curve for low illumination 
(F = 4.35; P <.o1) and in the curve for preferred illumination 
(F = 2.66; P < .05). Mean heart rates for high as compared with 
low illumination and for the preferred as compared with the alternate 
level tended to be higher, but in neither case was the difference sig- 
nificant (C.R. = 1.66, 0.4; P > .05). The curves did not show the 
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Fic. 5. Individual curves for the 10 Ss, showing frequency of blinking in successive five-min. 
periods of reading under the various conditions of illumination. 


sharp rises at the termination of reading which were reported by 


Luckiesh and Moss (21). 


DIscussION 


It is clear that rate of blinking can have little value as an index of 
visual fatigue or effort. Although level of performance differed sig- 
nificantly for the two sizes of type employed in the first experiment, 
patterns of blinking were very similar under the two conditions. 
There was no tendency for blink rate to increase with the duration of 
work, but rather, for unknown reasons, a maximum frequency oc- 
curred during the middle periods of work. In the second experiment, 
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blink rate was actually higher during work under the more intense il- 
lumination, but was unrelated to Ss’ preferences in the matter. Al- 
though frequency of blinking showed a tendency to increase with the 
duration of work under all conditions, none of these trends proved to 
be statistically reliable. The curves for individual Ss showed a great 
variety of changes with time, some rising, some falling, and some re- 
maining level. Even if average trends had been significant, there- 
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Fic. 6. Mean heart rate during rest and work under the various conditions of illumination. 


fore, the individual variation would indicate that many factors play a 
part in determining the pattern. 

With reference to heart rate, the present findings confirm those 
of Luckiesh and Moss in only one respect. During relaxed reading 
the heart rate shows a greater tendency to decrease with the passage 
of time under low as compared with high illumination. It is not 
justified, however, to assume that cardiac deceleration is a function of 
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increased expenditure of effort. It is well known that when a stand- 
ing S assumes the sitting position a fall in heart rate occurs, and it is 
likely that the direct effect of intense visual stimulation would serve 
to counteract this tendency under the higher level of illumination. It 
should be noted that at the cessation of reading the heart rate did not 
rise as Luckiesh and Moss have claimed to demonstrate. Whatever 
the validity of this interpretation, the results of the first experiment 
make untenable the position that visual effort produces cardiac 
deceleration. Heart rate rose significantly when the Ss were in- 
structed to work as rapidly and as accurately as possible, and there 
was a tendency for the rate to be greater when the Ss read the smaller 
type. 

The findings of the first experiment support the position of Pater- 
son and Tinker (28) that under suitably controlled conditions per- 
formance tests afford a reliable approach to problems of visual effi- 
ciency. Whether output indices are optimally sensitive cannot yet 
be decided, but at present we have little else on which to base practical 
recommendations regarding adequate conditions of work. It is 
recognized, of course, that studies of visual efficiency must, by 
definition, involve some measure of the cost of work. ‘The results of 
other investigations indicate that further experiments with muscular 
tension might profitably be undertaken (5). 


SUMMARY 


Continuous electromyographic recordings of cardiac and eyelid 
activity were made as Ss performed visual tasks under a variety of 
conditions. ‘The results do not support the conclusions of Luckiesh 
and Moss with respect to the value of heart rate and frequency of 
blinking as indices of the ease of visual work. 


(Manuscript received January 19, 1945) 
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HABIT STRENGTH AS A FUNCTION OF THE 
PATTERN OF REINFORCEMENT 


BY O. H. MOWRER AND HELEN JONES 


Harvard University 


It was long assumed that the basic truth concerning the psy- 
chology of learning was embodied in the Law of Exercise (Repetition, 
Use, Frequency), which held that every performance of a habit neces- 
sarily strengthened that habit. But evidence gradually accumulated 
which suggested that ‘exercise,’ as such, has little, if anything, to do 
with the strength of a habit. It was rather the presence or absence 
of reward (Law of Effect) that seemed crucial, since only rewarded 
responses grow stronger with repetition and non-rewarded (or pun- 
ished) responses are actually inhibited thereby. Even this proposi- 
tion, that every rewarded repetition of a habit strengthens it, has, 
however, recently been questioned. It is our purpose to consider 
whether the doubt which has thus been thrown on this proposition is 
justified. 

If it be assumed that reward is the essential factor in strengthening 
a habit and that non-rewarded repetitions have a weakening effect, it 
would seem to follow that habits which are rewarded everytime they 
occur would be strengthened more than habits which are rewarded 
only intermittently. But recent experimentation has brought the 
validity of this inference under suspicion. When ‘resistance to ex- 
tinction,’ 1.e., the extent to which a previously rewarded habit will 
continue to occur after reward is eliminated, is used as a measure of 
habit strength, it is found that a habit which has been developed on 
the basis of intermittent reward is, by this criterion, ‘stronger’ than 
a habit which has been continuously rewarded. ‘The experiment here 
reported represents an attempt to explain this paradox and to show 
that the experimental facts are actually consistent with the Law of 


Effect. 


FORMULATION OF THE PROBLEM 


Since the present investigation was prompted largely by Hum- 
phreys’ research on intermittent vs. constant reinforcement, it is nec- 
essary to give a brief description of this work. 

Humphreys performed three experiments with human subjects, in 
the first of which he used the conditioned eyelid response (12), in the 
second a verbal response (13), and in the third the conditioned psycho- 
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galvanic response (14). In all three experiments a conditioned 
stimulus was followed by the unconditioned stimulus 100 percent of 
the time in one group, whereas in a second group, the conditioned 
stimulus was followed by the unconditioned stimulus only 50 percent 
of the time, in a predetermined but unpredictable order (though never 
with more than two reinforced or two non-reinforced trials in succes- 
sion).! In each experiment Humphreys found that the 50-percent- 
reinforcement group showed reliably greater resistance to extinction 
than did the 100-percent-reinforcement group. 

Discarding Hull’s ‘excitatory potential’ concept (10), Skinner’s 
‘reflex reserve’ theory (28), and Hovland’s hypothesis of ‘extinction 
of reinforcement’ (8) as inadequate to account for his findings, 
Humphreys has put forward the alternative suggestion that ‘‘condi- 
dioned responses are a consequence of anticipated reinforcement, 
extinction [a consequence | of anticipated non-reinforcement and that 
the role of frequency in the repetition of reinforcement and non- 
reinforcement is by way of its influence on the subject’s expectation 
of the stimuli which are to appear” (12, p. 150). Elsewhere, Humph- 
reys says that the fact that discontinuous reinforcement produces 
greater resistance to extinction than does continuous reinforcement is 
“apparently due to difficulty in forming an hypothesis of continuous 
non-reinforcement after discontinuous reinforcement in acquisition” 
(14, p- 74). 

More recent investigations by Humphreys (15) and Finger (5, 6), 
with rats as Ss, have likewise shown greater resistance to extinction 
after discontinuous than after continuous reinforcement. But 
Brown ” has questioned whether Humphreys’ ‘expectation’ hypothesis 
is scientifically meaningful at the infra-human level and has proposed 
an alternative interpretation. Brown suggests that an understand- 
ing of the results obtained with intermittent reinforcement hinges on 
the definition of the word, ‘response.’ Let us suppose that a hungry 
animal has been trained with intermittent reinforcement to press a 
bar as a means of obtaining food, 1.e., has sometimes been rewarded 
after pressing the bar once, sometimes after pressing it twice, some- 
times after pressing it three times. The ‘response’ which is thus 
effective in securing food consists, therefore, sometimes of one, some- 
times of two, sometimes of three individual bar depressions. During 

1 For Pavlov and many of his followers, the establishment of conditioned responses was as- 
sumed to involve nothing more than the paired presentation of the conditioned and the uncon- 
ditioned stimulus. But it is now clear that even in avoidance conditioning of the kind employed 
in Humphreys’ three experiments, the learning that occurs is subject to the same principles as 
control trial-and-error learning, where drive and reward play such an unmistakable role (18, 19, 
22). Therefore, whenever we use the term ‘reinforcement’ we assume it to imply reward (drive 
reduction), even though it be in describing experiments in which the experimenter thought of 


reinforcement in purely Pavlovian (associationistic) terms. 
2 Dr. Judson S. Brown—personal communication. 
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extinction, animals trained to depress the bar more than once as a 
means of getting food might, consequently, be expected to depress the 
bar more times but not necessarily to make more ‘responses’ as thus 
defined than animals which, having been rewarded consistently rather 
than intermittently, have learned exclusively a ‘response’ consisting 
of only one depression of the bar. In other words, Brown’s suggestion 
is that we may have been deceiving ourselves in this type of situation 
by equating the term ‘response’ to single bar depressions instead of 
interpreting it to mean the total sequence, or pattern, of behavior 
leading up to the reward. 

The foregoing considerations raise the following specific question: 
If one uses as the unit for measuring resistance to extinction the same 
pattern of behavior which served as the instrumental ‘response,’ or 
‘act,’ during acquisition, will intermittent reinforcement still produce 
greater habit strength than does reinforcement that is continuous? 

In order to answer this question it seemed desirable to carry out 
an experiment involving one group of rats in which reward would 
follow each bar depression, three groups whose response pattern, or 
unit, would always consist, respectively, of two, three, or four de- 
pressions of the bar, and a final group which would be rewarded not 
only discontinuously but also randomly, on the average after every 
two and one-half bar depressions. 

The reason for this particular combination of groups is that prior 
experiments on intermittency of reinforcement have been to some 
extent confounded: groups of Ss which have been rewarded continu- 
ously and, necessarily, regularly have been compared with groups 
which have been rewarded discontinuously and irregularly. ‘This 
confounding leaves open the question whether the obtained results 
are due to one, the other, or both of these factors. In our experi- 
ment, Group I is rewarded regularly and continuously, Groups II, 
III, and IV are rewarded regularly but discontinuously, and Group V 
is rewarded discontinuously and irregularly. In this way we have a 
combination of groups which makes possible all the comparisons 
necessary to determine whether it is to discontinuity, irregularity, 
or both that the phenomenon in question is attributable.‘ 


APPARATUS 


The apparatus used in this experiment has been fully described elsewhere (21). It consists, 
essentially, of a wooden box, approximately one foot square, with a glass front and a wire-mesh 
floor. Originally there were two \4-in. brass rods which extended horizontally into the box on 





3 Cf. Murray’s (24) similar emphasis upon the distinction between what he terms ‘actones’ 
and ‘acts.’ 

‘We are indebted to Mr. John L. Wallin for useful suggestions concerning the logic and 
design of this experiment. 
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either side of the food trough, which was located in the center of the interior rear wall; but for 
the purposes of this experiment, only the bar on the right was used. 

In order to avoid differential auditory cues following bar depressions which were and were 
not to produce food, the automatic delivery mechanism employed in earlier experiments was dis- 
conected and the food (a small, cylindrical pellet of Purina dog chow) was manually released by 
E from the rear of the apparatus into the shute-like trough. However, the criterion as to when 
the bar had been pushed down sufficiently far to count as a full depression was standardized by a 
system of electrical contacts and a relay which caused a small light to flash on in £’s (but not in 
the rat’s) field of vision whenever the bar was depressed by a predetermined amount. This 
electrical set-up was also arranged so that each flash of the light signified a full excursion of the 
bar, i.e., the bar could not be depressed until the light came on and then ‘jiggled’ as a means of 
making multiple flashes of light. Once the light had come on it would stay on until the bar was 
released and allowed to return to its normal position; only by means of another complete depres- 
sion of the bar could the light be made to come on again. 

A cumulative work recorder, which has also been separately described (20), was connected to 
the apparatus so that each time the light flashed a small increment of change was registered. 
Records thus obtained will be reproduced on a later page. 

The reasons for arranging the apparatus so that only complete, discrete bar depressions 
would cause the light to flash and the recorder to operate are obvious, but the precautions taken 
to eliminate differential cues require a word of explanation. It was felt that if bar depressions 
which produced food resulted in a sound (due to the automatic delivery mechanism) which was 
noticeably different from the sound accompanying depressions which did not produce food, the 
animals would simply learn to go to the bar and pump away until they got the auditory cue 
signifying the reward. Similarly, in extinction there would have been a tendency to keep pushing 
the bar until the tell-tale sound occurred. It therefore seemed desirable to circumvent the entire 
problem by simply eliminating all differential cues. By releasing the pellet manually, it was 
possible to make the accompanying sound almost imperceptible; and by withholding the pellet 
until the animal came and looked in the trough, we prevented even this slight noise from serving 
as a cue as to whether any given bar depression would or would not be followed by food. The 
only way an animal could ‘know’ when he had pushed the bar enough, without actually going 
and looking in the trough, was on the basis of his own kinaesthesis.® 


PROCEDURE 


Habituation and acquisition—Thirty Lashley-strain male rats (four months old) were reduced 
and held for the duration of this investigation to 15 percent below normal body weight. At the 
outset of the experiment, each animal was given 20 pellets of food in the apparatus for purposes 
of habituation. On the first training day, the bar (requiring a minimum pull of five grams to 
depress it) was inserted into the apparatus, and the animals were required to push it in order to 
obtain the food. Each animal was given 20 trials. This same procedure was repeated on the 
second and third days. On the fourth day the animals made the first five responses with the bar 
requiring a downward pull of five grams as usual, but for the next five responses the bar was 
weighted so as to require a pull of 15 gm., and on the final 10 responses the bar required a pull of 
30gm. During the remainder of the experiment the bar was kept weighted so as to require this 
latter amount of downward pressure to operate it.® 





5 Earlier unpublished research indicates that rats can learn to discriminate between one and 
two bar depressions and between two and three, but beyond this their discrimination becomes 
unreliable. In the present experiment, multiple bar depressions often occurred between inspec- 
tions of the food trough, but the more usual procedure in all groups was to press, look; press, 
look; ete. 

6 The bar was made easy to depress during the early phase of training and reward was pro- 
vided after each response in order to get the bar-pressing habit established more quickly and more 
reliably than would have been possible if the various conditions employed in the later part of the 
experiment had existed from the beginning. Our reason for increasing the effort required to 
depress the bar on the fourth day of training was that we wanted this act to be the major element 
in the total sequence of behavior involved in going back and forth between the bar and the 
trough, eating the food, etc. 
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On the fifth day, after the preliminary training just described, the animals were randomly 
divided into five groups. The animals in Group I were rewarded after every bar depression, 
those in Group II after every second bar depression, those in Group III after every third, those 
in Group IV after every fourth, and those in Group V in random order, after one, two, three, or 
four bar depressions but, on the average, after two and one-half. These different procedures 
were followed from the fifth through the eleventh day, the animals in each group being given 20 
reinforcements (pellets) daily, as on days one to four. By the end of the eleventh day each 
animal had thus received 220 reinforcements, the first 80 of which had been received under the 
same (preliminary) conditions for all groups, and the last 140 under conditions which were dis- 
tinctive for each group. 

Extinction.—Extinction began on the 12th day and continued through the 13th and 14th 
days. The animals were left in the apparatus for 20 min. on each of these days, free to press the 
bar at will but given no food whatever. (Outside the experimental situation, they received 
enough food to keep them at the standard body weight mentioned previously.) The number of 
bar depressions made during this period was counted by the observer and recorded automatically. 


RESULTS AND INTERPRETATIONS 


Groups I, II, III, and IV will be discussed first, inasmuch as the 
problem investigated with the animals comprising these four groups 
is that of the effect of continuous reinforcement (Group I) vs. dis- 
continuous, or intermittent, reinforcement (Groups II, III, and IV). 
Group V poses the separate question of the importance of irregularity, 
or randomness, as opposed to regularity of reinforcement (Groups 


I-IV). 
CoNnTINUOUS Vs. DISCONTINUOUS REINFORCEMENT 


Table I gives the average number of bar depressions made by 
Groups I, II, III, and IV during the three days of extinction. Fig. 1 


TABLE I 


AVERAGE NuMBER OF Bar Depressions MApDE ON THREE SuccessivB Dais or EXTINCTION 
BY Groups I, II, III, anp IV 


The bottom line (Totals) gives the average number of bar depressions made by each group 
during all three extinction days. 
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shows the actual extinction performances on Day I and Day III of 
typical animals in Groups I and IV. ‘These records for individual 
animals give a graphic equivalent of the corresponding group averages 
appearing in the four corners of Table I. From Table I it is evident 
(a) that all groups made progressively fewer bar depressions on the 
three days of extinction and (b) that the animals in Groups I to IV 
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made progressively more bar depressions on each of the three days of 
extinction, as well as for the three extinction days considered as a 
whole (see Totals). From Fig. 1 it is further evident (c) that, as has 
repeatedly been noted by other investigators (7, 11), the rate of bar- 
pressing activity was greatest at the beginning of each extinction 
session and was thereafter negatively accelerated. 
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Fic. 1. Graphic recordings of the performance of a typical animal in Group I and a typical 
animal in Group IV on Day I and Day III of extinction. These four individual recordings, 
representing 79, 16, 143, and 38 bar depressions (BDs) respectively, correspond to the group 
averages appearing in the four corners of Table I. The twocurves in the upper right-hand re- 
cording should be thought of as continuous (cf. 20). 


The three sets of curves appearing in Fig. 2 present these same 
data in a somewhat different manner. They represent the average 
number of bar-depressions made by each of the four groups, by two- 
min. periods, during each of the three 20-min. extinction sessions. 
The three trends mentioned in the preceding paragraph are again 
evident in Fig. 2. 

The relationship between resistance to extinction and the rein- 
forcement ratio used during acquisition becomes especially clear in 
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Fic. 2. Curves showing the average number of bar depressions (BDs) made by Groups 
- I-IV on the three days of extinction. Each point on the curves represents the average number_of 
O- bar depressions made in a two-min. interval. 
‘S. 
in Fig. 3. The broken line shows (cf. Totals in Table I) the average 
number of bar depressions made during all three extinction days by 
n- the animals in Groups I, II, III, and IV. This number was 128.0 


in for Group I, 188.0 for Group II, 215.5 for Group III, and 272.3 for 
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Fic. 3. Curves showing the average number of bar depressions as contrasted with response- 
units made by Groups I-IV (reinforcement ratio of 1/1 to 1/4) on all three days of extinction. 


Group IV. An analysis of variance gives an F of 7.18 for the differ- 
ences between these groups due to frequency of reinforcement, an F 
of only 4.43 being necessary for significance at the .o1 level. The 
t-test shows significant differences at the .o2 level or better between 
the mean of Group I and the means of all other groups and between 
the means of Groups II and IV. 

From these results it would appear, in keeping with earlier findings, 
that not only is intermittent reinforcement reliably more effective 
than continuous reinforcement in establishing a tendency to depress 
the bar in the absence of reinforcement; it may also be said that, 
within the limits of this experiment, the functional relationship be- 
tween these two variables is virtually linear. 

Since the animals in Group I were rewarded during acquisition 
every time they pressed the bar, whereas the animals in Groups II, 
III, and IV received reinforcement only one-half, one-third, and one- 
fourth as often—and yet developed progressively greater apparent 
habit strength, as measured by resistance to extinction, it is easy to 
see how results of this kind might indeed seem incompatible with the 
assumption that every rewarded repetition of a habit strengthens it 
and non-rewarded repetitions weaken it. There are, however, at 
least two ways in which this paradox may be explained, well within 
the framework of effect learning theory. 
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The response-unit hypothesis.—The first of these explanations has 
already been suggested. Various studies (7, 11) have shown that the 
reinforcing effects of reward apply not only to the immediately pre- 
ceding behavior but also, to a diminishing extent, to the behavior 
which is temporally more remote from the advent of reward. Ac- 
cording to this principle (the ‘gradient of reinforcement’), we know 
that under the conditions of the present experiment it was possible for 
an animal to be somewhat reinforced for pressing the bar even when 
this behavior did not immediately produce food. ‘Thus, because an 
animal was, for example, rewarded only after pressing the bar twice, 
we should not think of this as press-failure, press-reward, but rather 
as press-press-reward. It will be recalled that in this part of the 
experiment the animals were all trained, after the fourth day, ac- 
cording to some one definite pattern. The pattern for Group I was 
press-reward; for Group II it was press-press-reward; for Group III 
it was press-press-press-reward; and for Group IV it was press-press- 
press-press-reward. ‘Therefore, instead of thinking of reinforcement 
as being restricted to the bar depression which occurred just before 
the reward, we should rather see the reinforcement as applying, in 
decreasing amount, to the other preceding depressions as well. 

If we now reéxamine the results of this experiment in the light of 
the preceding discussion, we find that the discontinuous-reinforcement 
groups did not make more extinction ‘responses,’ defined in terms of 
the pattern, or unit, of bar depressions which was rewarded during 
acquisition, than did the continuous-reinforcement group. During 
extinction the animals in Group I repeated the response-unit which 
had previously been rewarded 128.0 times (128.0 + 1), the animals 
in Group II repeated their response-unit 94.0 times (188.0 + 2), 
those in Group III, 71.8 times (215.5 + 3), and those in Group IV 
68.1 times (272.3 + 4). By thus using as a definition of ‘habit,’ or 
‘response,’ the total unit of bar depressions which was rewarded in 
each of the four groups of animals during acquisition, we find that the 
apparent advantage of so-called intermittent reinforcement disap- 
pears (see solid line, Fig. 2). The hypothesis that rewarded repeti- 
tions of a habit (so defined) strengthen it is, therefore, still tenable.’ 


7 Sears (27) has recently commented on the difficulty involved in precisely defining the term 
‘instrumental act’ and has to a considerable extent anticipated the above analysis by pointing out 
that “‘all activity preceding the goal response appears to come under this heading and to undergo 
reinforcement. Ifa given movement must be performed twice before the goal is reached, then the 
pair of movements becomes the instrumental act to the goal response. If later, these acts are 
repeatedly performed without any reward occurring, it is to be expected that more single move- 
ments would occur during the extinction process if a pair of movements was the unit that had 
originally been reinforced than if a single movement had been the unit” (p. 84). Skinner (28) 
has similarly remarked: “This is fundamentally a problem in the definition of a unit of behavior. 
As a rather general statement it may be said that when a reinforcement depends upon the com- 
pletion of a number of similar acts, the whole group tends to acquire the status of a single response, 
and the contribution of the reserve tends to be in terms of groups” (p. 300). 
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A subsidiary problem remains, however. Since we are proceeding 
on the assumption that every rewarded repetition of a habit (defined 
as the total response-unit, or instrumental act) strengthens it, and 
since each of the groups of Ss in the present experiment made the 
same number of rewarded response-units during acquisition, each 
group might have been expected to make approximately the same 
number of response-units during extinction. But as Fig. 2 indicates, 
the average number of extinction response-units becomes progres- 
sively smaller as we go from Group I to Group IV, being 128.0, 
94.0, 71.8, and 68.0, respectively. The t-value for the differences be- 
tween the mean thus obtained for Group I and the means of the other 
three groups and between the mean for Group II and that for Group 
IV all show significance at the .o5 level or better, thereby indicating 
that the downward slope of the solid line in Fig. 2 is statistically re- 
liable and scientifically meaningful. 

In a previous paper (21) we have shown that if a response requires 
more effort to perform, it will extiriguish more quickly than if it re- 
quires less effort. Obviously, a response-unit consisting of four bar 
depressions requires more effort than a response-unit of only one de- 
pression. It is not surprising, therefore, that the former extinguishes 
more rapidly than the latter. 

Equally plausible is an explanation based on the fact that even 
though all of the bar depressions involved in a response-unit of four 
depressions receive some reinforcement, they do not receive the same 
amount, since the one nearest the reward gets most, the one preceding 
somewhat less, the one preceding that one still less, and the original 
one in the series least of all. On the other hand, if the response-unit 
consists of only one bar depression, it always receives the same, max- 
imal amount of reinforcement (provided that the animal goes im- 
mediately to the trough and eats the food). Therefore, although the 
behavior involved in pressing the bar will be considerably more rein- 
forced in Group IV than in Group J, it will not be reinforced four times 
as much. Consequently, when the behavior which occurs during 
extinction is analyzed in terms of response-units, Group I will neces- 
sarily rank highest, with Groups II, III, and IV following in order. 

Whether one or both of the two mechanisms just described— 
greater effortfulness of multiple than of single bar-depressions, or 
the greater average but smaller total reinforcement received by single 
than by multiple depressions—were actually involved in producing 


8 Hull (11) has recently reported evidence that in order for a response on the part of a rat to 
be reinforced by a subsequent reward it must occur within 30 sec. of that event. In the present 
investigation, all of the bar depressions comprising a response-unit often occurred within a 30-sec. 
period (even in Group IV), but this was not always the case. (This statement is based on 
general observation; we have no systematic data.) 
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the downward slope of the solid line in Fig. 3, is a question which 
cannot be answered on the basis of our present data. 

The discrimination hypothes1ts.—The second way of explaining the 
results obtained with intermittent reinforcement depends upon the 
concept of discrimination, or sign-learning. Let us, for the moment, 
disregard the immediately preceding analysis in terms of response- 
units. Viewing the continuous- and discontinuous-reinforcement 
procedures afresh, we see that the animals in Group IV, for example, 
had no means of differentiating so sharply between the acquisition 
situation and the extinction situation as did the animals in Group I. 
For the Group I animals, the act of pressing the bar had always 
‘meant’ that food would follow, i.e., during acquisition the kinaes- 
thetic and other stimuli which accompanied the performance of this 
movement became conditioned to the responses involved in turning 
from the bar to the trough and consuming the food. On the other 
hand, in the case of the Group IV animals the kinaesthetic and other 
stimuli accompanying bar depression were ambiguous, since they 
were sometimes followed by eating responses and sometimes by 
pressing the bar again, once again, and still again. ‘Therefore, with 
the onset of extinction, when food did not follow the first, second, or 
even third depression of the bar, the situation was not yet any differ- 
ent, psychologically, from what it had been during acquisition. Only 
after at least four bar depressions had occurred and not been followed 
by food did the ‘meaning’ of the situation begin to change for the 
Group IV rats and then probably only very slowly. One would ac- 
cordingly expect that the tendency to press the bar would wane much 
less quickly in the discontinuous- than in the continuous-reinforce- 
ment groups. 

We suspect that this explanation is essentially what Humphreys 
had in mind in speaking of the greater difficulty which Ss who have 
been trained with discontinuous reinforcement have in changing from 
an ‘expectation,’ or ‘hypothesis,’ of reinforcement to one of non- 
reinforcement than do subjects who have been trained with continu- 
ous reinforcement. Our alternative statement merely attempts to 
make explicit some of the intermediate steps which were apparently 
implicit in Humphreys’ reasoning. 

The plausibility of the foregoing interpretation is increased by the 
observation, reported by Pavlov (25) and confirmed by others, that 
in learning experiments in which Ss are continuously reinforced, ex- 
extinguished, retrained, reéxtinguished, etc., extinction and re-learn- 
ing both take place with increasing speed. This finding suggests that 
the receiving of the reward has psychological implications over and 
beyond the automatic action of the Law of Effect. It suggests that 
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the absence of reward, on the first trial of successive extinctions, 
may come to signify to the S that further response is, at least for the 
time being, futile, i.e., the stimuli associated with the absence of 
reward become conditioned to resting instead of working, just as the 
presence of reward, on the first trial during successive re-learning 
periods, may come to signify to the S that the opposite situation now 
prevails.* Thus, in an experiment in which hunger is the principal 
drive, the S learns to discriminate sharply between two total patterns: 
hunger-(and-fatigue)-plus-stimuli-associated-with-getting-food and 
hunger-(and-fatigue)-plus-stimuli-associated-with-not-getting-food. 
To the first configuration the S learns to make food-seeking responses; 
to the second configuration the S learns to make resting responses.’® 
It is obvious that if reinforcement is discontinuous during acqui- 
sition, acquisition will be harder to discriminate from extinction (ergo, 
greater ‘resistance to extinction’) than if reinforcement has been con- 
tinuous. And not only would we expect to encounter this type of 
confusion on the first transition from acquisition to extinction; if, as 


® Cook and Harris (3), Cole (4), and Mowrer (17) have shown that it is possible to produce 
almost instantaneous ‘extinction’ and ‘re-learning’ of involuntary conditioned responses in 
human Ss by means of signals or verbal instruction to the Ss indicating changes in experimental 
conditions. All these investigators used avoidance rather than appetitive conditioning, which 
probably means that they were simply manipulating the secondary motive of fear symbolically 
instead of requiring their Ss to build up their own inductive generalizations, or ‘hypotheses.’ 
Cf. Krechevsky (16) and Brunswik (2) for a discussion of this problem as it relates to the behavior 
of rats. 

10 Tn acknowledging the ‘sign-function’ of success and failure, one does not need to repudiate 
the Law of Effect, as Tolman, Ball, and Brentnall (29), for example, suggest. It would appear 
that we are dealing here with a mechanism which often supplements and on occasion even super- 
sedes simple law-of-effect learning, but this is no proof that the latter is not a perfectly valid 
phenomenon. Our guess is that in those situations in which one non-rewarded repetition of a 
response (or a signal of some kind—see footnote g) causes a sudden cessation (‘extinction’) of 
response what happens is that a strong emotion (anticipation of many non-rewarded, futile per- 
formances of the response) is aroused which serves to counteract the habit strength, or response 
tendency, built up by the preceding rewarded repetitions of the response. Likewise, a single re- 
warded repetition of a response (or a signal from the experimenter—see footnote 9) may likewise 
serve as a kind of all-clear sign which removes the depressing effect of many antecedent non- 
rewarded repetitions of a response (or of an earlier signal from the experimenter) and thus releases 
the tendency to make the response in question. Or it may be that a single success or some other 
sign that reward will now follow if responses are resumed may serve, not merely to banish ‘dis- 
couragement’ but also to arouse an emotion of ‘hope’ which suddenly energizes the response 
tendency. Thus a single success or failure (or a signal or word with the same implications) may 
cause an abrupt change in behavior of the kind that has often been accepted as proof of ‘insight,’ 
‘change in hypothesis,’ or ‘alteration in cognitive structure’ and as disproof of the Law of Effect. 
In our judgment this is not a real antithesis and should not cause the cleavage which exists today 
between those learning theorists who stress the role of effect and those who stress so-called cogni- 
tion. What we are suggesting is that emotion is the key to the controversy and may enable us to 
build up a more unified structure of behavior theory, from the lower to the higher levels of com- 
plexity, than now exists. The present hypothesis would seem to have especially promising ap- 
plications to discrimination learning and in resolving such paradoxes as Hull (11) has recently 
pointed out in connection with ‘patterning.’ It may also be useful in more correctly interpreting 
‘latent learning.’ 
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in Pavlov’s experiment, we passed a number of times from the one 
condition to the other, we should expect less rapid discriminative 
learning where acquisition involved discontinuous reinforcement than 
where it involved continuous reinforcement. 

This type of analysis turns out to have an unsuspected advantage: 
it suggests why it is that in previous experiments on continuous vs. 
discontinuous reinforcement, there has been the confounding, already 
noted, of the continuity-discontinuity factor with the regularity- 
irregularity factor. The research in this field was started by Humph- 
reys, using college students as subjects." Knowing that such Ss can 
count, he may have anticipated that the effects of discontinuity could 
be demonstrated only if he made the reinforcement procedure not 
only discontinuous, but also irregular, since by counting a human 
being can detect a change from an acquisition to an extinction situa- 
tion quite as accurately if the reinforcement has been discontinuous 
as if it has been continuous, provided the reinforcement has been 
regular. In other words, for a human being who, during discontinu- 
ous but regular reinforcement, makes each unrewarded trial distinc- 
tive by performing the ‘pure stimulus act’ (Hull, 9) of saying, ‘One,’ 
‘Two,’ ‘Three,’ etc., failure of reward to follow, for example, a fourth 
trial after three non-rewarded ones can be just as significant as the oc- 
currence of a single non-rewarded trial following continuous rein- . 
forcement. 

As Reiss (26) has pointed out, the rudimentary function of count- 
ing is to make possible the same sharpness of discrimination between 
10 and 11, or 100 and Io! otherwise identical, successive events (reac- 
tions) as betweenoO and I or! and2suchevents. With such precision 
of discrimination possible by means of counting, it is questionable 
whether the Humphreys’ effect can be demonstrated in educated 
human Ss with discontinuous but regular reinforcement. 


REGULAR vs. IRREGULAR REINFORCEMENT 


The foregoing discussion provides a convenient setting for the 
description of the results obtained from our Group V animals, which, 
it will be recalled, received reinforcement both intermittently and 
randomly, but on the average after every two and one-half depressions 


1. Skinner’s work (28) on discontinuity of reinforcement with rats actually antedates that of 
Humphreys, but it was only with the publication of Humphreys’ findings that general interest in 
this problem was stimulated. Brogden (1), Cole (4), and Brunswik (2) have also published data 
on the effects of intermittent reinforcement, showing that, in general, acquisition of a given habit 
occurs more slowly with intermittent than with continuous reinforcement (cf. also Finger, 5). Of 
these three writers Cole alone was interested in the possible effects of intermittent reinforcement 
on resistance to extinction and he only incidentally. Insofar as his results can be compared to 
those of Humphreys and Finger they are, however, confirmatory. 
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of the bar. ‘These animals depressed the bar a mean number of 189.2 
times during the three days of extinction. The point corresponding 
to this value has been indicated in Fig. 3. Dividing 189.2 by 2.5 
(the figure comparable to the response-units of the other four groups), 
we find that the Group-V animals made 75.5 repetitions of their hypo- 
thetical average response-unit. ‘The point corresponding to this 
value has likewise been indicated in Fig. 3. 

I'rom these results it is evident that the greater resistance to ex- 
tinction obtained in this experiment following discontinuous (Groups 
II, III, and IV) than continuous (Group I) reinforcement is probably 
in no way contingent upon the factor of irregularity of reinforcement. 
In fact, as a glance at Fig. 3 will indicate, our Group V animals de- 
pressed the bar actually somewhat less frequently during extinction 
than would have been expected from interpolation on the curve 
representing the performances of the regular reinforcement groups 
(I, II, III, and IV). 

Unfortunately, there is no way of determining whether the ob- 
tained downward deviation of the Group V results is due to the factor 
of irregularity or to factors which the experimenters did not attempt 
to control, i.e., ‘chance.’ Ifthe Group V animals had been irregularly 
rewarded after pushing the bar either two or three times, on the 
average, instead of 2.5 times, their extinction scores would then have 
been directly comparable, statistically, to those for the Group-II or 
the Group-III animals. 

That this procedure was not followed is now a patent defect in the 
design of the experiment. However, from a common-sense stand- 
paint, our results indicate clearly enough that, for rats at least, it is 
discontinuity of reinforcement, rather than irregularity, that accounts 
for the greater resistance to extinction resulting from a training pro- 
cedure involving both discontinuity and irregularity of reinforcement. 
Therefore, the confounding of the discontinuity and irregularity 
factors which has been noted in previous studies is probably unim- 
portant and was even necessary if this phenomenon was to be demon- 
strated in human Ss, due to the latter’s tendency to count and thereby 
render discontinuous and continuous reinforcement much more nearly 
equivalent, psychologically, than they otherwise would be. 


OTHER IMPLICATIONS 


As we have seen, there are two about equally plausible ways in 
which the Humphreys effect can be accounted for: by the ‘response- 
unit hypothesis’ and by the ‘discrimination hypothesis.’ Naturally 
the question arises as to which of these is the more valid, and experi- 
ments can probably be devised (though not easily) which would 
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throw light on this problem.!? However, in situations of this kind we 
fall perhaps too easily into the practice of taking an either-or attitude, 
of assuming that where two or more mechanisms may account for a 
given result one must ultimately prove significant and the other not. 
Actually we know that in all but the most excessively simplified types 
of psychological situations the observed outcome is nearly always 
‘over-determined,’ i.e., is a product of multiple.processes acting, and 
interacting, simultaneously. It may well be, therefore, that both of 
the explanations advanced above to account for the Humphreys 
effect are valid. 

One other implication of research on continuous vs. discontinuous 
reinforcement in relation to ‘resistance to extinction’ should be noted. 
In an experiment reported by Whiting and Mowrer (30), it has been 
discovered that when rats, previously punished for taking the shorter 
route to the goal on a D-shaped maze, found that the punishment (an 
electric shock) was no longer in force, they precipitously reverted to 
this route. This behavior was contrasted with the behavior of human 
beings, who often show life-long tendencies to refrain from doing cer- 
tain things they have been taught to regard as ‘wrong’ even though 
the external sanctions originally used to set up such attitudes have 
long since disappeared." 

This difference between the behavior of rats and human beings 
raises the question as to what it is about the education, or ‘socializa- 
tion,’ of the latter that creates conscience, character. The psychology 
of conscience is undoubtedly exceedingly complicated, but one con- 
sideration seems obvious: in the experiment reported by Whiting and 
Mowrer, the rats discovered that the punishment always occurred at 
a certain point along the shorter route to the goal. If they got past 
this point, they were safe and‘had no reason to feel ‘guilty.’ In 


12 The response-unit and the discrimination hypothesis are designed to account for the greater 
resistance to extinction (in the sense of more “work” done) following discontinuous than con- 
tinuous reinforcement. They make no assumption concerning the effect of regular vs. irregular 
reinforcement. That the findings of this investigation indicate that, in rats at least, the factor 
of regularity-irregularity is of little or no importance in this connection may have implications 
for the relative validity of these two hypotheses, but if so these implications are so subtle as to 
be obscure to the present writers. 

18 Whether the originally (usual parental) sanctions become ‘introjected’ and form a perma- 
nent part of the personality (‘super-ego’) needing no further reinforcement from the external world 
or are subtly strengthened periodically by other (community) sanctions is one of the important 
and difficult psychological problems of our time. It is perhaps the central point of issue between 
Freudian psychoanalysis, with its emphasis upon the past (childhood), and the followers of Karen 
Horney and members of the Washington (‘inter-personal relations’) School of Psychiatry, for 
whom the current life situation of the individual is of greatest importance. This problem is also 
related to the question as to whether emotions (attitudes) are ‘autonomous’ (Allport) or require 
at least occasional reinforcement, like any other learned response. Professor F. J. Shaw (personal 
correspondence) has remarked, “We still face the problem of the apparent resistance of the anx- 
iety state itself to extinction. This strikes me as a rather difficult problem for reinforcement 
theory whereas Guthrie’s theory might have less difficulty with this particular problem.” 
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learning to run the ‘social maze’ which parents and others set for 
them, children, on the other hand, discover at an early age that 
punishments, even though indefinitely delayed, may still be forth- 
coming; and certainly parents are likely to foster the impression on 
the part of their offspring that their ‘sins’ must ultimately be found 
out and that retribution will surely follow. 

Thus it is that at least a part of that kind of conscience which is 
based on fear is probably set up. But if conscience is an institution 
whereby the individual punishes himself (i.e., his conscience ‘hurts’ 
him) for acts, contemplated as well as actually performed, which are 
likely to bring external disapproval, so is there a comparable mechan- 
ism, based on hope and faith, which makes for perseverance in the 
face of adversity, in a word, ‘morale.’ Very small children display 
both the moral and the morale aspects of conscience in only incipient 
amounts, and much of their ‘character training’ consists of attempts 
to bring about development along these lines. As part of such a 
program they are commonly encouraged to keep plugging away if 
they do not immediately reach their (legitimate) goals and are ad- 
monished, when confronted by failure, to ‘try, try again.’ 

Even in the course of ordinary events, children learn to carry out 
long sequences of action where the reward is so remote that in the 
beginning it can sustain endeavor for only a short time. Thus, a 
small child, though capable of endless activity at home, will quickly 
report being ‘tired’ if taken for a walk. But it is almost certainly 
not so much fatigue as it is ‘extinction,’ or ‘loss of interest,’ that is 
responsible for his lagging steps. He puts one foot forward, then the 
other, then the one, then the other, etc., etc., and nothing happens. 
Only gradually, with encouragement from his elders and periodic in- 
dulgences—a look at the train here, an ice cream or candy there— 
does the child get so he can, at the age of five or six, set out on a 
long walk with only a single destination or objective in mind. His 
‘resistance to extinction’ has increased, in a manner probably not 
fundamentally different from that used in producing the Humphreys 
effect. By requiring rats to push a bar at first only a few times for a 
piece of food, then a larger and a larger number of times, Skinner (28) 
was able to get them eventually to make 192 responses for a single 
piece of food, and there was no indication that this number necessarily 
represented the limit of which the rat was capable. Did these rats 
have ‘morale’? They certainly had ‘hope,’ ‘faith.’ 

Somewhere between fear and faith—the pivotal concepts of most 
religions—lies the truth about conscience. Any improvement in our 
understanding of how they work is a contribution to the psychology of 
character, and character defects. Here, it would seem, is a most 
promising point of articulation between scientific learning theory and 
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education, ethics, psychotherapy, and other practical problems of 
both a social and individual nature. 


SUMMARY 


In this paper an attempt is made to show that the Humphreys 
paradox—that habitual responses which are rewarded only intermit- 
tently are apparently stronger than those which are rewarded after 
each occurrence—does not invalidate the Law of Effect. Experi- 
mental results are reported which confirm Humphreys’ empirical 
findings but which can be explained either by the ‘response-unit 
hypothesis’ or by the ‘discrimination hypothesis,’ both of which are 
consistent with the view that reward is the fundamental and crucial 
determinant of habit strength. 

The response-unit hypothesis defines a ‘response,’ not as a single, 
isolated movement, but as the totality of behavior which leads to a 
given goal. For example, the fact that a rat has to press a bar three 
times in order to get a pellet of food does not mean that three separate 
acts, or ‘responses,’ have been performed; the sequence of three bar 
depressions is here conceived as a unitary, integrated, instrumental 
performance. When ‘response’ is thus re-defined in terms of the 
whole pattern of behavior which proves effective in producing reward 
during acquisition, the Humphreys paradox disappears. When 
‘response’ is thus re-defined, it is found that intermittent reinforce- 
ment, far from producing greater ‘habit strength,’ actually produces 
reliably less than does continuous reinforcement. 

But there is another equally plausible approach to this problem. 
If, during acquisition, a response (conceived as a more or less isolated 
movement) occurs repeatedly but is rewarded only now and then, the 
transition from acquisition to extinction will not be discriminated as 
sharply as if acquisition has involved reward for each and every 
response. With ‘faith’ thus established that failure will ultimately 
be followed by success, ‘discouragement’ is slower to set in (ergo, 
greater ‘resistance to extinction’) when there is a change in objective 
conditions from acquisition (occasional reward) to extinction (no 
reward whatever). 

This second interpretation involves the introduction of intervening 
variables (‘faith,’ ‘discouragement’), factors which disrupt the direct, 
one-to-one relationship observed in the simplest kinds of situations 
(and subjects) between reward and behavior. Here we are approach- 
ing the realm of ‘ego psychology,’ but it should not be supposed that 
there is any discontinuity between the fundamental laws of learning 
that can be so easily demonstrated at the lower levels of behavior and 
the generalizations that seem to hold best at the higher levels. ‘The 
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intervening variables which operate at the higher levels and which 
complicate the simple relationships observed at the lower levels be- 
tween reward and the behavior-changes which we call learning are 
themselves products of former learning—i.e., ‘emotions,’ ‘secondary 
drives,’ ‘expectations,’ ‘attitudes,’ ‘sentiments,’ ‘conscience.’ ! 
Here we are dealing with a distinction similar to the one which 
Murray (24) has made between o1scerogenetic needs and psychogenic 
needs. And when there are psychogenic needs (secondary drives) 
operating within an organism, we do not expect the viscerogenetic 
needs (primary drives) to produce the same results as when psycho- 
~enetic needs are absent. When these two types of ‘needs,’ or drives, 
come into opposition, there will necessarily be conflict (sometimes 
‘character’); and we know that the outcome is rarely a matter of 
simple algebraic summation (23). ‘The various ‘dynamisms’ (Freud), 
or ‘self-systems’ (Sullivan), go into action, with the endlessly compli- 
cated results which we see clinically (as well as in the ‘experimental 
neuroses’ of animals) and even in ordinary, ‘normal’ human behavior. 


(Manuscript received February 1, 1945) 
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EFFECT OF VARIOUS CONCOMITANT ACTIVITIES 
UPON THE MAINTENANCE OF A SET 


BY DOROTHY RETHLINGSHAFER 


Woman's College, University of North Carolina 


The analytical unit of the stream of behavior appears today to be 
an act, or task, or activity. Watson’s concatenations of reflexes have 
been abandoned in favor of the larger units, but the interrelationship 
of these behavior units has not been investigated. 

We know that the behavior stream may be carrying more than 
one activity. We know that the higher organisms may be set to 
respond to an absent stimulus, and that during the maintenance of 
that set, they may be engaged in various other activities. In order to 
investigate the effect of concomitant activities upon the maintenance 
of a set, the Ss were (1) directed to react as quickly as possible to an 
auditory stimulus—a buzzer—whenever it appeared, and (2) along 
with this intermittently overt task, to engage in a variety of other 
activities. [wo of these activities were learning problems (maze and 
memorizing nonsense syllables), one involved insight, and two were 
puzzles of varying difficulty. 

The problem was to determine how the Ss might vary in the con- 
tinuous, though only intermittently overt, task of stopping the buzzer 
whenever it sounded while engaged in various other activities. The 
problem was limited to determining only the changes that would take 
place, if any, in the reaction time to the buzzer during the course of 
the other activities. All measurement of the interrelation of the be- 
havior units was in terms of changes in the reaction time to the buzzer 
as taken during different stages of the performance of the concomitant 
activities. 


Metuop, APPARATUS, AND SUBJECTS 


The reaction time was measured by a Dunlap chronoscope so wired in circuit with a buzzer 
that when E closed his key, the buzzer sounded until S reacted by closing his key and holding 
itdown. This broke the buzzer and stimulus coil circuit and activated the response coil so that 
the reaction time could be read from the dial. It should be noted that the response coil would 
not work unless £’s key was down. S was instructed not only to stop the buzzer as quickly as 
possible by pressing his key, but to hold his key down until he heard E say ‘O K.’ If S failed to 
follow directions, the error was quickly revealed by the starting dial. 

Woodworth (7) has pointed out the possible source of error in the clutch of the Dunlap 
chronoscope, and an examination of our results shows that the mean of the Io records obtained 
from the 43 Ss used with the ready signal is greater than the average results for an auditory 
stimulus. However, only two practice trials were given, though there may have also been a con- 
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stant error in the chronoscope. Variability as indicated by the sigmas obtained was higher than 
in other studies of reaction time. The reliability of the records obtained by correlating the first 
half and last half was .g2 when the Spearman-Brown prophecy formula was used. 

(1) The first reaction time records to the buzzer were obtained with a ready signal and a 
slightly varying foreperiod of approximately one second. Only two practice trials were given, 
and these were not included in the data. No attempt was made to differentiate between sensory 
and muscular preparation, though the directions of stopping the buzzer as quickly as possible 
may have led to listening for the buzzer and hence to sensorial reactions. 

(2) The Ss were next told that no ready signal would be given but that they were to stop the 
buzzer as quickly as possible whenever it sounded. E sat opposite S and his key was behind a 
screen. Two electric fans in the room masked any noise of the apparatus and, to some extent, 
noises outside the room. The buzzer, which was well above the auditory limen of any of the Ss, 
was sounded at the following irregular intervals: 10, 20, 45, 45, 35, 25, 50, 30, 15, 45, and 30sec., 
so that II reaction time records were obtained during five min. and fifty sec. 

(3) Then the Ss learned eight nonsense syllables taken from the 12 percent level of Hull’s 
list (5), and at the same time they were told to stop the buzzer as quickly as possible. During 
all the activities the S sat with the index finger of his right hand resting lightly on his reaction 
time key. In order to remind the S that he must hold his finger on the key, his right arm was 
strapped very loosely in a comfortable position on the table. 

The nonsense syllables were presented by using the Missouri memory apparatus with the 
exposure time at two sec. Only one reaction time to the buzzer was obtained during the presen- 
tation of the list of eight syllables. The buzzer sounded by following a standard system for each 
S, i.e., immediately after the first syllable was pronounced, then in the next presentation after 
the sixth syllable, etc. The criterion of learning was four perfect recitations. 

(4) The second activity used with the reacting-to-the-buzzer task was learning a stylus 
maze. The Ss were told that it was not a speed test. As the S took the stylus in his left hand, 
E repeated the directions for the maintenance of the set to the buzzer: “Remember you are to 
stop the buzzer as quickly as possible whenever you hear it.””. The S’s right hand was, of course, 
ready at the reaction time key. One reaction time was obtained during each trial, at a standard 
place in the maze for each S. The buzzer was sounded in the first trial after the S had passed 
the first blind, then in trial two after blind five, in trial three after blind six, in trial four after 
blind four, etc. The criterion of learning was four perfect trials. 

(5) Following the maze, the Ss were given a task described as an insight problem by Pickford 
(6). Twenty-seven straight line figures were drawn on cards. Fourteen of these figures had a 
right angle within the inner area. These were mixed with the non-right angle figures. The Ss 
were asked to examine the figures one at a time and when they had discovered the characteristic 
common to certain cards to report their discovery to the experimenter. Again they were re- 
minded before they started the insight problem to stop the buzzer as quickly as possible. Most 
of the Ss stated the principle before completing three trials. In case the S had not seen the cor- 
rect characteristic, the activity was discontinued after three trials. 

Five reaction records to the buzzer were obtained from each S during the first trial, and four 
thereafter. Just as the S was starting the task of discovering the common element in the cards, 
one reaction time was obtained, then again the buzzer was sounded after cards 4, 10, 18, and 25. 

If an S had insight, then he was further asked to continue through the 27 cards indicating 
whether each card had the characteristic of right angles, and where he had first ‘got the idea.’ 
Four more reaction times to the buzzer were obtained during this ‘after-insight’ activity. In- 
sight into the problem was assumed on the basis of the following: (a) verbalization of a general 
principle, and (b) disappearance of errors after the statement of the principle. 

(6) The next activity during which the Ss carried on their reaction time task was a 17-piece 
wooden puzzle, painted white. The directions were: “These pieces will fit into this space. 
(Rectangle indicated) I want you to put them in. You are also to stop the buzzer as quickly as 
possible.” 

Reaction time records were obtained as follows: after the directions but before any successful 
moves on the part of the Ss; after three blocks were successfully fitted together; then after 6, 9, 
12, and 15 blocks were fitted together; and finally just after completion. Since some of the Ss 





1 Daniel (1) has indicated that there is an effect upon the tension level of an individual 
depending upon his purpose, the elimination of errors or speed. 
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pulled away their fingers from the reaction time key as soon as they completed the puzzle, records 
of five Ss were not used in the ‘after completion’ mean. 

(7) A second puzzle, more difficult than the first, was presented, and again the reaction time 
to the intermittently sounding buzzer was also demanded. The directions were similar to the 
above. Five records were obtained from each S: after directions but before starting the puzzle; 
when approximately three blocks had been fitted correctly; when approximately eight blocks had 
been fitted correctly; when eleven blocks had been fitted correctly; and after completion. With 
certain Ss records were also obtained at three-min. intervals when they came to a difficult place 
in the puzzle. Seventeen individuals found one place quite difficult, and 31 records of reacting 
to the buzzer were obtained while they were not making any successful moves. 


SUBJECTS 


Forty-three college students of the University of North Carolina served as Ss. Though all 
the Ss were tested for their reaction to the sounding buzzer during the various activities described 
above, a few records were discarded, due to the fact that the S’s hand was not always in a correct 
position at his reaction key. 


RESULTS 


Reaction time to the buzzer with signal and without signal.—In the 
usual reaction time experiments, the ready signal serves to reinstate 
the S’s set to react as quickly as possible whenever the stimulus re- 
appears to which he is directed. If, however, the reaction time is 
obtained to this same stimulus without a ready signal, the time in- 
creases even though no experimentally introduced ‘extra’ tasks are 
given the subject. As can be seen in Fig. 1, there is a consistent 
difference between these two conditions—with ready signal and with- 
out ready signal. ‘This finding is, of course, not new, but gives us a 
base in this study from which comparisons can be made with the re- 
action time obtained when concomitant activities are experimentally 
introduced into the stream of behavior. 

Matntenance of a set to react to the buzzer when the Ss are also en- 
gaged in learning problems.—Two learning problems were used as 
concomitant activities with the reaction time task. As can be seen in 
Fig. 1, there is at first long reaction time and then a decrease as the 
learning activities become more automatic. ‘This is true for both 
the learning of the stylus maze as well as the memorizing of the non- 
sense syllables. In the first two trials of both learning problems, 
when 48 percent of the errors were made, the mean reaction time was 
958 sigma for the stylus maze and 918 sigma for the nonsense sy]- 
lables. In the remaining error trials the reaction time decreased ap- 
proximately the same amount during both activities. Interestingly, 
however, there was also a continued drop in the reaction time to the 
buzzer during the remaining four errorless trials. The efficiency with 
which the Ss maintained their set to react to the buzzer continued to 
improve even after the Ss had stopped making errors in their per- 
formance of the concomitant activities. The critical ratio between 
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Fic. 1. Reaction times obtained in stopping a buzzer when Ss were also engaged in various 
other activities. 


the reaction time taken during the first two trials and the last two 
trials is above three for both the learning problems. 

Maintenance of a set while the Ss were engaged in an insight prob- 
lem.—Records in reaction time to the buzzer were obtained while Ss 
were engaged in identifying the principle which distinguished certain 
polygons from others. While the Ss were seeking to verbalize the 
common characteristic—possession of a right angle—records of reac- 
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tion time to the buzzer were obtained at predetermined intervals. 
Four Ss were never able to verbalize the principle, i.e., showed no 
insight. In ‘Table I is given the mean reaction time to the buzzer of 
the 35 Ss who succeeded and of the four who failed. 

The successful Ss in the insight problem significantly decreased in 
reaction time following their success. ‘The critical ratio of the differ- 
ence between the means, before-insight and after-insight, was 5.3. 
Though this decrease was significant, the average sigma of the after- 
insight records was greater than obtained finally during the last two 
errorless trials of the learning problems. After-insight records were 
obtained while the Ss were being tested for their ability to use the 
principle that they had just verbalized. Though this new activity 
was not difficult, it may have interfered with the maintenance of the 
set to react to the buzzer. For this reason, ‘success’ in the insight 
problem may not have brought as great a decrease in reaction time as 
did ‘success’ in the other learning problems. 


TABLE I 


REACTION TIME TO A BuzzER WHILE SOLVING A PROBLEM CALLING FOR INSIGHT 

















Mean S.D. N Number of Records 
Before Insight......... 897 289 35 143 
After | ee 731 236 35 133 
No it 4 heads 660 189 4 si 

















The four Ss who were unsuccessful in gaining insight were slightly 
superior in maintaining the set to react to the buzzer and their 
variability was less. Were these four Ss unsuccessful in the insight 
problem because they were maintaining the buzzer-set at a level which 
prevented success in the other task? 

Difference 1n the maintenance of the set for the buzzer during the 
solving of a ‘difficult’ puzzle as contrasted to an ‘easy’ puzzle-——Two 
puzzles, each consisting of wooden blocks to fill designated space, 
were used with the reaction time task, though, of course, presented 
separately. The criterion of difficulty which differentiated the 
puzzles was simply time for completion. It was also known from 
previous work that the progress of some Ss would be temporarily 
halted at a particular place in the difficult puzzle. When a certain 
relationship necessary for further placing of the blocks was under- 
stood, then the Ss could almost immediately complete the puzzle. 
Seventeen of the 43 Ss were stopped by this particular difficulty, and 
31 records of reaction time to the buzzer were obtained while they 
were seeking by trial and error for the correct solution. As can be 
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seen in Fig. 1, the reaction time increased significantly at this point in 
the solution of the difficult puzzle. 

Six records were obtained from each S as he worked upon the 
difficult puzzle. The first record was the reaction time of the S to 
the buzzer, sounding after the directions had been given but before 
the S had started to place the blocks in the designated space. ‘The 
mean performance at this point was slightly higher than when ap- 
proximately three blocks were fitted successfully together. As Fig. 
I illustrates, however, the reaction time to the buzzer increased as the 
puzzle became more difficult, reaching a mean performance of 913 
sigma. ‘The difference between this sigma and that of 595 at the third 
successful block is significant with a critical ratio of 6.2. Another 
record was obtained when the S had almost finished the puzzle and 
the mean performance is back to 729 sigma. A further drop, though 
not so great, was recorded when the Ss reacted to the buzzer im- 
mediately after completion. 

A similar picture is presented in Fig. 1 for the reaction time to the 
buzzer as the Ss work upon the simpler puzzle. As the subjects ‘get 
into’ the puzzle, a slight increase in reaction time is recorded, but 
there is a more gradual and continuous fall in the reaction time, as 
shown in Fig. 1, by contrasting the records taken before starting with 
those after completion. ‘The critical ratio of the difference between 
the first records and those obtained after completion is 2.5. 

During both puzzles an improvement is shown as the Ss progress 
from the introduction into the concomitant tasks to the final comple- 
tion. The buzzer-set is most seriously affected when the accompany- 
ing task becomes difficult. 

Efficiency of the buzzer-set while the Ss are also engaged in a non-goal 
task.—In order to determine how the reaction time task would be 
affected by the concomitant carrying of a non-goal activity, the Ss 
were directed to drop a marble through a hole in a lid of a three-sided 
box, pick up the marble, drop it again, and so on until told to stop. 
The reaction time to the buzzer was obtained at the same intervals 
used with the no-signal series when there was no experimentally intro- 
duced task present. Of course, the Ss were ‘free’ to engage to a 
limited extent in their ‘own’ activities during the no-ready signal 
series, and also, no doubt, were able to introduce ‘goals’ into their 
‘non-goal’ task. A comparison of the reaction times obtained, 
however, under these two different conditions shows that the buzzer- 
set was significantly affected by even a simple non-goal task. The 
critical ratio of the smallest difference is significant between the non- 
ready signal records and the non-goal task. 

Examining Fig. 1, we find no significant trend in the rise and fall of 
the reaction time as the Ss engaged in the non-goal task. ‘This is in 
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marked contrast to the drop recorded during the learning problems 
and during the solving of the puzzles. Since there is no goal to reach, 
no special barrier or difficulty to overcome, no possibility of having in- 
sight or of changing from errors to success, the buzzer-set showed no 
marked changes during this concomitant activity. At the eighth 
test for its efficiency, the records indicate that it is maintained even 
slightly less ably than at the beginning of the non-goal task. The 
mean is 597 sigma as contrasted to the mean of 589 at the beginning 
of the marble-dropping. 


DIscuSsSsION 


When there is added in the stream of behavior any other con- 
comitant activity to the buzzer-set, its efficiency is decreased. And 
when the accompanying activity is a goal task, the reaction time is 
more seriously affected. ‘The completion of the concomitant activity, 
either in terms of solution or of errorless performance, brings an im- 
proved set for responding quickly to the buzzer, but when any barrier 
is present in the extra activity, the reaction time is longer. And it 
seems to follow from the data on the difficult puzzle that the stronger 
the barrier to completion of the accompanying task, the more the 
set for responding to the buzzer is decreased in efficiency. 

It is felt, of course, that the above results are dependent upon the 
conditions of presentation of the two tasks as described in the pro- 
cedure. The attempt was made to emphasize equally the reaction 
time task and the concomitant activities. Hence the increases and 
decreases in the reaction time are the result of greater or lesser ‘de- 
mands’ from the extra activities upon the organism. It would have 
been possible, of course, to have increased the ‘significance’ of re- 
sponding to the buzzer so that all the Ss would have maintained the 
buzzer-set at a level of efficiency higher than herein shown. It is the 
guess of the writer that under a greater motivation for the buzzer-set, 
the differences between the means would have been lowered, as well 
as the general level of all the means, but that the same trends would 
have appeared as shown in Fig. I. 

Raising the importance of the buzzer-task in the hierarchy of the 
behavior stream would be possible and no doubt would affect the 
performance of any concomitant activities. No attempt was made 
to measure the interaction of activities in this manner. 

It should be noted that the set to react to the buzzer was never 
lost. Though some Ss became so ‘absorbed’ in the concomitant 
activity that the buzzer sounded over 1000 sigma before the Ss 
reacted by pushing down the key, nevertheless no one had to be re- 
directed to the buzzer. Of course at the beginning of each new 
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activity, the set for the buzzer was reéstablished by repeating the 
directions: “‘ Remember you are also to stop the buzzer as quickly as 
possible.” Thus, the intermittently overt task maintained itself 
though at varying levels of efficiency during the extra activities im- 
posed upon it. 


INTERPRETATION IN TERMS OF SHIFTING TENSION 


A possible interpretation of the changes shown in Fig. I is in 
terms of shifting tension as the concomitant activities are added to 
the behavior stream. It may be assumed that optimal reaction time 
depends upon optimal tension in the reacting arm muscles. The 
experimental data herein presented do not determine whether the 
tension load of the reacting arm for the buzzer task was below or 
above the optimal when the longer reaction time records were obtained. 
Both possibilities are presented below. 

It could be assumed that the tension load of the arm and hand 
used in stopping the buzzer decreased below the optimal when the 
other activities demanded that general body tension be directed at 
their solution. At certain places in the course of these concomitant 
goal activities, i.e., at the beginning of the learning problems and at 
strong barriers in the puzzles, there has been some evidence (4) of an 
increased tension load. Atthese same places we found longer reaction 
time in our task of stopping the buzzer. Does this indicate a shifting 
of tension away from the right arm and hand necessary for the reac- 
tion time task? Since we found with success or completion in the con- 
comitant activities a shorter reaction time in the task of stopping the 
buzzer, we may assume that the tension then had shifted back to the 
reacting arm and thus was nearer the optimal for a reaction time 
response. 

On the other hand it can be assumed that a muscular condition in 
any part of the body may influence the excitation level of any other 
muscle by way of the proprioceptive pathways. Why, therefore, 
should the tension load decrease in the arm set to react to the buzzer, 
when, as at the beginning of an activity, body tension was generally 
increasing? Were we wrong in assuming that the longer reaction 
times were due to a level of arm tension below the optimal? Free- 
man (3) has emphasized that too much tension will also hinder per- 
formance. The longer reaction times may have resulted from too 
much general tension, bringing the arm above an optimal tension for 
a reaction time task. 

Since Freeman (2) has indicated that habituation produces a 
concentration of tension in the muscles involved in the task, the signifi- 
cant drop in reaction time during the learning tasks may be a reflec- 
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tion of this finding. It is possible that further studies determining 
the role of tension in the stream of behavior will aid in solving the 
problems arising from the interaction of activities. 


CONCLUSIONS 


The reaction time of responding to a buzzer was increased signifi- 
cantly when any other activity was experimentally introduced into the 
stream of behavior. ) 

The buzzer-set was more affected when there was a barrier present 
to the immediate completion of the concomitant activity. 

As completion was reached, the reaction time was significantly 
lowered. The set to react to the buzzer, however, did not immedi- 
ately reach its optimal efficiency even when all errors were eliminated 
in the concomitant learning problems. As measured by the quickness 
of reaction there was a lag in the return to optimal efficiency of the 
buzzer-set. 

Goal activities brought a greater interference in the buzzer-set 
than the non-goal activity used in this experiment. There was no 
significant trend in the effect upon the buzzer-set when a non-goal 
activity was introduced into the stream of behavior. 

The greatest interference in the buzzer-set was shown in the 
learning problems during the first two trials when 48 percent of the 
errors were made. 

The set to respond to an auditory stimulus was carried through 
varying concomitant activities without completely disappearing, 
though its efficiency, as measured by quickness of reaction, varied 
greatly with the nature of the accompanying activities. Possible 
interpretations in terms of the role of tension in the stream of behavior 
were suggested. 


(Manuscript received February 12, 1945) 
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STANDARDIZATION OF TWO TESTS OF EQUILIBRIUM: 
THE RAILWALKING TEST AND THE ATAXIAGRAPH! 


BY M. BRUCE FISHER, JAMES E. BIRREN, AND ALAN L. LEGGETT 


Naval Medical Research Institute, National Naval Medical Center, 
Bethesda, Maryland 


Measures of sensorimotor performance have often been used to 
determine the effects of stress conditions on the human organism 
(e.g., 1, 5, 6, 8, 9). The present study represents a portion of the 
authors’ efforts directed at the development and utilization of new 
and conventional psychological tests in situations wherein some indi- 
cations of the effect of environmental stress are desired. The rail- 
walking test and the ataxiagraph are two such tests that have been 
used to follow the performance of Ss under conditions suspected of 
inducing lowered performance. ‘This report discusses the character- 
istics of these tests administered to Ss under normal circumstances. 


APPARATUS AND PROCEDURES 


Railwalking test—The railwalking test used in this study was a modification of an earlier 
railwalking test (4) and consisted of a narrow wooden board which the S had to walk, heel to 
toe, keeping his hands clasped behind his back. The rail was 10 feet long, one in. wide, and six 
in. high. White tape markers were placed along the rail at one foot intervals. Performance 
was scored by recording the distance in feet that the S successfully walked, i.e., the distance from 
the starting end of the board to the place where a foot was last successfully placed. The score 
of a trial was recorded as a whole number, fractions of a foot completed being disregarded. 
Trials ended when the S touched the floor or any part of the rail but the top to prevent falling, 
when he broke step or unclasped his hands to maintain balance, or when he reached the other end 
of the board. Clasping hands behind one’s back makes balancing on the rail more difficult than 
being permitted to swing the arms freely. In earlier exploratory studies the Ss were allowed to 
use their arms to help maintain balance, but so many perfect scores resulted as to prevent satis- 
factory differentiation in performance. Similarly the length of the test rail was increased from 
the original six feet to the present 10 feet to obtain a greater dispersion of scores. 

Ss were instructed to watch the rail several feet ahead and not to watch their feet as they 
walked. The ends of the rail were used alternately as the starting points for successive trials. 
Ten trials comprised each test session. 

Ataxiagraph.—Body sway has been found useful as an indication of sensorimotor integrity 
(1, 2, 3, 7, 8,9). Measurements of body sway have ranged from the subjective evaluation of 
movement in the Romberg position to a variety of graphic recording techniques and the ataxiam- 
eter of Miles, a device which summated movement in the anterior-posterior and lateral planes (7). 
The ataxiagraph used in this study represents a compromise between the highly quantitative 
results of the ataxiameter and the qualitative advantages of graphic recording. 

The technique consisted of recording the anterior-posterior movements of a person standing 
erect with his heels together and his feet spread in a 30° ‘V’ position (Fig. 1). The S wore a 





1 The opinions and views set forth in this article are those of the writers and are not to be 
considered as reflecting the policies of the Navy Department. 
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helmet from the top of which protruded a short rod, to which was fastened a cord which ran over 
a pulley and translated the S’s movement into equivalent vertical movements of an inkwriter 
onakymograph. The weight of the inkwriting assembly was 59.9 gm., a perceptible but constant 
amount. 

Two test lengths have been used: (a) an eight-min. test of four two-min. trials, with eyes al- 
ternately open and closed, beginning with eyes open, (5) a four-min. test of two two-min. trials, 
the first with eyes open, the second with eyes closed. Ss were instructed to stand erect without 
straining during atrial. A 30-sec. rest period was allowed between trials, during which the cord 
was released from the helmet and the Ss were allowed to move freely. There was a clear space 
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Fic. 1. Ataxiagraph, a kymograph modified to record body sway in one plane. 4. Subject 
in position for testing. B. Detail of kymograph. 


without furniture or other objects at least 10 feet by 5 feet immediately in front of the S’s position 
to reduce visual cues of body movement during the eyes-open trials. 

Scoring of the graphic record was achieved by measuring the length of the line traced by the 
S’s movements with a Dietzgen map measure and subtracting the horizontal distance traveled by 
the kymograph surface during the trial. The result was then converted into cm. of anterior- 
posterior movement by the equation: 


Score = 1.128 [(length of line) — (horizontal distance) ] + 4.003 


This formula is the least-squares fit of 98 measured excursion scores and map measure scores. 
The excursion scores for this calculation were secured by careful measurement of the vertical 
distances between successive maxima and minima on 56 one-min. records and 42 two-min. records. 
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These measurements were accurate to halfa mm. The 56 one-min. records were unselected and 
in this sample, in which the excursion score range was 6.4—22.5 cm., the two scores had a product- 
moment correlation of 0.94 (vest = 1.34 cm.). The 42 two-min. records were selected to cover 
the range of scores to be expected in both normal and pathological populations. The standard 
error of estimate for the total of the 98 scores on the basis of the line of best fit given above is 
3.96 cm. This group included a range of scores from 6.4 to 305.4 cm. In the range of normal 
Ss the standard error was 2.9 cm. for a single trial. 

The use of the above formula manifestly violates the Pythagorean theorem by failing to 
square the dimensions entering into it. That this error is small is indicated by the standard errors 
of estimate. Scoring with the map measure, which takes less than a fourth the time required for 
the exact measurement, is therefore justified and has been used routinely. 


RESULTS 


Railwalking.—The distribution of scores on the railwalking test is 
given in Table I. It has a slight positive skew ? (Sk = .05) but does 
not differ significantly, for a sample this size, from a ‘normal’ curve. 


TABLE I 
DisTRIBUTION OF RAILWALKING SCORES 
Score Intervals Frequencies 

(feet) 
97-100. . .- 
94- 96.... > 
QgI- 93.. a 
88- 90... so 
Ss- 87.... 7 
82- 84... . 0 
rae = 
76- 78..... . oO 
9e> 98... — 
7O- 72... 7 
67- 69... — 
64- 66... . oO 
61-— 63.. 7 
58- 60. - 
55~ 57. - 4 
52- 54. -13 
49- 51. - 3 
46- 48 .10 
43- 45 . 8 
Ee er 
OL EE eee err 
OS ee ee 
3I- 33.. 8 
28- 30.. 16 
25- 27.. 16 
22- 24.. 10 
I9Q- 21. i.e 
16- 18. -_ 
13- 15. iehnek a 
10- 12. bene 

N = 151 


Median = 36.36 
a= 14.45 
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The split-half reliability (odd versus even trials) of this test was 
0.77 (N = 151) for the first test session, and 0.85 (N = 78) for the 
second administration, both reliabilities being corrected for test 
length by the Spearman-Brown prophecy formula. A retest reliabil- 
ity of 0.67 was found for 78 Ss retested within one week. 

When 18 Ss were run on the railwalking test, twice a day, for four 
days, the group means evidenced regularimprovement. The practice 
that the Ss received was not spaced to show in detail the learning 
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Fic. 2. Learning on the railwalking tc 't. The graph shows the mean scores of 18 Ss who 
were tested twice a day for four days. The vertical bars represent the size of the standard devia- 
tion of the scores in the first and eighth test periods. 


phenomena of the test, but rather to meet the practical requirements 
of a specific testing situation. The Ss were given their two daily 
tests with only a 10-min. rest between, the pairs of daily tests being 
24 hours apart. Even though the two daily test sessions were so 
close together, the graph of the data (Fig. 2) does not reflect any in- 
hibition or reminiscence phenomena to qualify the conclusion that the 
test scores regularly improve with practice. The improvement in 
performance between the mean scores of the first and the eighth tests 


is 78 percent. 
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Ataxiagraph.—Frequency distributions of ataxiagraph scores for 
both the four-min. test and the eight-min. test are given in Table II. 
It is apparent that there is considerable skewing in the data. For the 
two distributions Sk is 0.86 and 0.63, respectively. Skewness to this 


TABLE II 
DIsTRIBUTIONS OF ATAXIAGRAPH SCORES 


Frequencies 
4-min. Test 
(2 min. eyes open 8-min. Test 
Score Intervals plus 2 min. (mean of two 
(cm./4 min.) eyes closed) 4-min, tests) 
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extent cannot be dismissed as a sampling error since both measures 
are more than three times the standard error of x. 

Reliability coefficients were determined for ataxiagraph scores for 
both the eyes-open and eyes-closed conditions by correlating the pairs 
of two-min. trials for each from the eight-min. tests. ‘The reliability 
of the mean eyes-open score is 0.89 and of the mean eyes-closed score, 
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also 0.89 (N = 120). Both of these correlation coefficients were cor- 
rected for test length by the Spearman-Brown prophecy formula. 

A close relation existed between the eyes-open and eyes-closed 
scores in the four-trial (eight-min.) test. The correlation coefficient 
was 0.77 between the first eyes-open and first eyes-closed scores, and 
0.81 between the second eyes-open and second eyes-closed scores 
(N = 132). This relation was accepted as sufficient justification for 
combining the eyes-open and eyes-closed scores into a single body- 
sway score. Evidence that the procedure was sound was furnished by 
the high correlation between the sums of the first eyes-open and eyes- 
closed scores, and the second eyes-open and eyes-closed scores, the 
coefficient being 0.92. If this is corrected for test length, the result- 
ing reliability coefficient for the eight-min. test is 0.96 (N = 132). 
The réliability of the four-min. test is arrived at by correcting 0.77 
for test length, which becomes 0.87. 

This correlation is significant in view of the increase in body sway 
upon closing the eyes. ‘The mean score, eyes open, is 28.5 cm. per 
two min.; with eyes closed, it is 41.6 cm. per two min. (N = 133). 
The difference between these means is highly significant statistically. 

The retest stability of the ataxiagraph scores was determined by 
retesting 85 of the Ss within one to six days after the initial test, the 
retest reliability coefficient being 0.87. It was not possible to main- 
tain a constant interval between the two tests, although most of the 
retest sessions occurred within two days of the original measurements. 
No attempt was made to control time of day in testing, since unpub- 
lished analysis of other sensorimotor test data has shown little diurnal 
fluctuation. 

Practice in taking the test does not result in systematically im- 
proved ataxiagraph performance. No regular decline in scores was 
noted when the means of 19 Ss were followed for 10 measurements 
covering a period of one month. This finding is in general agreement 
with that of other investigators (1, 4). 

When the ataxiagraph scores of 43 Ss were correlated with their 
railwalking scores the correlation was found not to differ significantly 
from zero (r = .02 + .I5). 


DIscussION 


The two tests described in this report are apparently quite differ- 
ent in the kinds of ability required for good performance. On a 
priort judgment it would appear that both tests involve aspects of 
equilibrium, one static and the other dynamic. Both the zero corre- 
lation between ataxiagraph scores and railwalking scores, and the 
difference in the effect of practice on test scores, are evidence that 
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quite different sensorimotor functions are being measured. In con- 
trast to the marked improvement in railwalking with practice, little 
improvement in body sway was noted. This small improvement in 
body sway appears as an indication that maintenance of stable erect 
posture is probably a phylogenetically more primitive mechanism. 
In view of the evidence, however, that attention and other cortical 
phenomena modify to some extent the amount of body sway, it would 
be fallacious to assume that static equilibrium is wholly uninfluenced 
by the motor cortex. It is anticipated that future investigations will 
not only study the effects of environmental stress on such sensorimotor 
tests, but may also uncover the basis of these equilibratory functions. 
Analysis of the relations of Barany chair reactions (fall and nystag- 
mus) to body sway and railwalking performance will be one approach 
to the significant components in the maintenance of postural equi- 
librium. 


SUMMARY 


1. One hundred and fifty-one male naval enlisted personnel were 
given 10 trials on a railwalking test. The object of this test is to walk 
the length of a rail which ts one in. wide and 10 feet long, placing heel 
to toe, with hands clasped behind the back. Performance was 
scored as the sum of the distances walked in 10 trials, the maximum 
score being 100. The odd-even reliability coefficient of the first test 
on the 151 Ss was 0.77, corrected for test length. The odd-even re- 
liability of a second test given to 78 of these Ss was 0.85, corrected for 
test length. 

2. The correlation between the first and second tests (within one 
week) for the 78 Ss was 0.67. 

3. One hundred and thirty-three male naval enlisted personnel 
were used as Ss to record body sway on an ataxiagraph, an inkwriting 
kymograph arrangement for recording anterior-posterior body sway. 
Four two-min. trials were given, two with the S’s eyes open and two 
with his eyes closed, his feet being in the 30° ‘V’ position. The con- 
ditions were run alternately, with a half-min. rest between trials. 
Scores were recorded as cm. of anterior-posterior movement in two 
min., as determined from the length of the line recording this move- 
ment. 

4. The correlation coefficient between the first eyes-open and first 
eyes-closed score was 0.77; between the second eyes-open and second 
eyes-closed score the coefficient was 0.89. The sum of the first 
eyes-open and eyes-closed scores, correlated with the sum of the 
second eyes-open and eyes-closed scores, yielded a coefficient of 0.92. 
The split-half reliability of the four-min. test, corrected for length, is, 
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thus, 0.87; the split-half reliability computed for the eight-min. test 
is 0.96 (N = 133). | 

5. Eighty-five of the 133 Ss were retested within one week of the 
first test session to study the stability of the scores. The retest re- 
liability of the eight-min. test was 0.87. 

6. Forty-three Ss were tested on both the ataxiagraph and rail- 
walking tests. ‘The correlation of railwalking score with ataxiagraph 
score was not significantly greater than zero. 

7. Marked practice effects were noted on the railwalking test in 
18 Ss who were tested twice a day for four days. The improvement 
between mean scores on the first and eighth tests was 78 percent. 

8. Little improvement in ataxiagraph scores was observed in 19 
Ss who were tested 10 times over a one-month period. 


CONCLUSIONS 


Both test procedures reported in this paper appear suitable for 
inclusion in a group of tests to measure sensorimotor performance. 
Of the two tests, the ataxiagraph yields the more reliable scores. 
The reliability of the railwalking test cannot be regarded as entirely 
satisfactory for work with small populations. Improvement could 
be expected from doubling the test length. The estimated reliability 
of a 20-trial test, based on the reliability of the first 10 trials, is 0.87. 

No relation exists between railwalking and ataxiagraph scores; 
performance on the two tests, therefore, is presumed to depend on 
different factors. A close relation exists between body sway in the 
eyes-open and eyes-closed conditions. Since the same function is 
apparently measured with the eyes either open or closed, it is con- 
sidered feasible to use only one trial with eyes open and one trial with 
eyes closed in routine testing. The sum (or the mean) of the scores 
of these two conditions can be regarded as a general measure of body 
sway. ‘The use of both eyes-open and eyes-closed trials rather than 
four minutes of either condition alone has the advantage of making 
possible the detection of unusual influences which might affect the 
two scores differentially. This length of test gives satisfactory re- 
liability for most purposes, although the eight-min. test may be re- 
sorted to where greater precision is indicated. 


(Manuscript received February 15, 1945) 
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THE CONSTRUCTION OF A PUNCH MAZE 


BY WESTON A. BOUSFIELD 


University of Connecticut 
AND 
VINCENT NOWLIS 


Indiana University 


The writers have developed the maze herein described for use in 
classes where the schedule calls for a simply administered and easily 
scored experiment on learning. ‘The principle of this type of maze 
allows its construction in a variety of forms, some of which may well 
prove useful in research. Considerations governing the design of this 
model were economy of time and materials, and construction of the 
units by relatively unskilled student help. 

The maze is made of two pieces of heavy cardboard perforated as 
indicated in Figs. 1-4 and 1-B, and hinged together by means of 
gummed cloth mending tape as shown in Fig. 1-C. The record sheet 
is inserted between the hinged covers. The circular perforations of 
the front cover, Fig. 1-4, are 1/8 in. in diameter and are made with a 
small paper punch. ‘This cover contains, in addition to the single 
upper and lower holes (the start and finish of the maze), 15 pairs of 
holes arranged in parallel columns. The 17 holes of the back cover are 
3/16 in. in diameter, and define the start and finish of the maze and 
the 15 correct right-left choices. In using the maze, the record sheet 
is inserted between the hinged covers, and the S is provided with a 
three-in. nail to serve as a fairly blunt stylus. The S’s task is to learn 
the sequence of 15 right-left choices. Starting from the upper single 
hole, the S chooses between the right and the left of the first pair of 
holes. If the choice is correct, the stylus easily penetrates the in- 
serted paper because of the hole in the back cover and a small hole is 
left in the record sheet. On the other hand, if the choice is incorrect, 
the stylus will not penetrate the paper, and leaves only an indentation 
which may be easily distinguished from a hole. The S immediately 
corrects his error and then proceeds to the next pair of holes where he 
again makes a right-left choice. Inthis way the S makes a permanent 
record of his trials showing the location of all errors. Scoring is made 
easier by instructing the S to punch vigorously, and by using a record 
sheet of the type illustrated in Fig. 1-C. After each 15-choice trial 
the S moves this sheet to the left so as to bring the next section be- 
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neath the holes of the maze cover. It may be noted that the record 
sheet allows for 10 trials and has spaces at the bottom for indicating 
the total errors for each trial and spaces at the side for the total errors 
for each of the 15 choice-points. A set of holes is provided for pre- 
liminary practice, in which the S gets the feel of the stylus as it makes 
holes (correct choices) and indentations (incorrect). 

Several details concerning the construction of the apparatus merit 
attention. ‘The covers should be hinged as carefully as possible so as 
to bring the holes into alignment. Wire fasteners are punched 
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Ficures 1-4, 1-B, anp 1-C 
Fic. 1-4. Front cover of the punch maze. 
Fic. 1-B. Back cover of the punch maze. 
Fic. 1-C. Assembled punch maze with record sheet in position for first trial. 
(Dimensions: 1-4 and 1-B, 534 X 11 in.; holes in 1-4, not drawn to scale,¥% in. in diameter; holes 
in 1-B, not drawn to scale, {6 in. in diameter; record sheet 84% X 11 in.) 


through the binding tape and individual covers to assure holding of 
the tape. There is some advantage to be gained by punching the 
holes of the back cover after the two covers have been hinged. The 
procedure in this case is to draw circles on the back cover by inserting 
the pencil point through the holes of the front cover. ‘These circles 
serve as a guide for punching the lower holes which are made larger 
than the upper ones to compensate for any failure of alignment of the 
covers as the apparatus is used. 

In using the maze we have employed the technique of having the 
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Ss make their choices in time with a buzzer sounding at intervals of 
two sec. ‘This assures a constant total time for each trial. A sum- 
mary of data for 100 Ss appears in Tables I and II. These data were 
obtained in laboratory sections of 18 to 25 students in an introductory 
course in psychology. The criterion of mastery of the maze was three 


TABLE I 
ERrorS PER TRIAL FOR First 10 TRIALS OF PuncH Maze Mabe By 100 Ss 










































































Trials 
Errors 
I 2 3 4 5 6 7 8 9 10 
O 2 9 20 28 31 48 52 62 64 
I 5 13 12 15 21 21 17 17 14 
2 I 9 14 20 15 15 15 9 12 12 
3 4 14 20 17 14 15 7 14 5 6 
4 10 16 13 II 14 II 5 5 3 4 
5 18 13 7 7 7 4 - ° 0 
6 10 11 9 9 5 I I 2 I 
7 9 16 8 2 fe) 2 I fe) 
8 14 4 3 2 I fe) 
9 9 + 2 I ‘ 
10 9 I I 
11 5 I fe) 
12 I I fe) 
13 2 ° I 
14 3 2 O 
15 5 I fo) 
Mean 
Errors 7.60 5.16 3-63 2.66 2.25 1.80 1.15 1.18 74 72 
TABLE II ; 
Errors aT SuccessivE Cuoice Pornts For First 10 TriAts oF PuncH Maze Mane By 100 Ss 
Choice Points 
Errors 
I 2 3 4 5 6 7 8 9 10 II 12 13 14 15 
fo) 30 | 29 | 12 | 40 | 35 | 30] 14 |] 12 | 10] 48 | 26] 20] 8 | 44) 44 
I 24 | 43 | 18 | 33 | 30 | 32 | 18 | 12 | 17 | 31 | 28 | 33 | 22] 2 39 
2 19 | 13 | 13 | 24 | 20] 20] 17 | 22 | 22 | 13] 17] 21 | 24] 214] «O11 
3 11 6 | 21 2/111] 10] 19 | 18 | 18 6} 15 | 16] 17 5 6 
4 8 5 | 05 J 3 3 | 19 | 13 | 13 21 G! § 7} 0 
5 4 I 9 I fo) 4 8 8 3 2| 14 I 
6 si 21 3 3 ei @i ¢ oi si 3 
7 2 I 2 214] 41] 4 I Oo|] 3 
8 2 I 2 I I fe) 3 
9 3 I I I 
10 I 
11 
12 
13 
14 
15 
Mean Errors 1.73| 1.31] 2.99] .g1 | 1.20} 1.46} 2.68] 3.00] 2.92] .83 | 1.73] 1.74] 2.76] .g1 | .79 
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errorless trials. When this criterion was attained by the ninth or an 
earlier trial, the Ss received credit for absence of errors on subsequent 
trials even though they did not continue with the maze. ‘The in- 
structor acted as EF and each student worked with his own maze. 
With respect to classroom procedure we have found it expedient to 
supplement verbal instructions with a demonstration of the manipula- 
tion of the maze. A further detail of technique is to instruct the Ss 
to shift the record sheet to the next section immediately following 
completion of atrial. This prevents study of the pattern of holes in 
the record sheet during the intervals between successive trials. 

Through repeated use of the maze the holes in the front cover 
defining the correct choices become marked to the extent that they 
provide cues. When this happens, these cues may be eliminated by 
putting a strip of gummed cloth binding tape over the holes. The 
tape is then punched from the reverse side of the cover by inserting 
the punch through the original holes. 


(Manuscript received February 3, 1945) 








